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Chapter 1 A) 
Difficult Access to the Ureter Geek for 


Demetrius H. Bagley and Scott G. Hubosky 


Introduction 


Endoscopic treatment within the upper urinary tract clearly requires access for the 
endoscope to the point of interest. Although the techniques for basic access have 
been thoroughly studied and are well known, there are many difficulties, which can 
arise anywhere from the urethral meatus into areas within the kidney itself. 
Techniques to overcome these challenges can vary with the specific location and the 
clinical problem (Table 1.1). 


Difficult Urethral Access 


Obstacles to passage of an endoscope through the urethra can be encountered at any 
point from the meatus to the bladder neck. Difficult access is much more common 
in male than female patients. The solution to gain access will be related to the nature 
of the obstruction itself and to the purpose and, therefore, instruments needed for 
the upper tract endoscopy. 

Meatal stenosis may be recognized on physical examination or may not be evi- 
dent until one attempts to place an endoscope into the urethra. The obstructive nar- 
rowing can be evident quite distally, nearly on the glans penis, or may be located a 
few millimeters within the urethra. The latter may not be seen until the endoscope 
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Table 1.1 Points of difficult access encountered during ureteroscopy 


“Urethra 
Urethral meatal stenosis 
Urethral stricture 
Prostatic lobe hypertrophy 


Pelvic prolapse (cystocele) 


Ureteral orifice 


Edematous ureteral orifice 


Ureterocele 


Heterotopic ureteral orifice 


Impacted calculus at ureteral orifice 


Primary ureteral pathology 


Ureteral stone 


Ureteral stricture 


Ureteral neoplasm 


Ureteropelvic junction (UPJ) obstruction 


Ureteral tortuosity secondary to chronic obstruction 


Intrarenal narrowing 
Infundibular stenosis 


Calyceal diverticulum 


is introduced. Simple dilation of the stenotic segment is usually enough for endo- 
scopic access. It may not be curative but can allow completion of the procedure with 
later follow-up and evaluation before a more definitive meatoplasty. Similarly, 
hypospadias may be accompanied by stenosis, either distally or more proximally 
within the urethra. Often there is no obstruction, and the endoscope can be intro- 
duced into the aberrant meatus. 

Strictures more commonly occur proximally in the urethra. They can vary in 
length from a very short band to a longer stenotic segment. Again, dilation is the 
first choice to enlarge the lumen sufficiently for passage of an endoscope. A cysto- 
scope is usually the first choice for inspection of the bladder and to place instru- 
ments or wires within the ureter. However, if access to the ureter is the only maneuver 
needed, a smaller diameter endoscope, such as a ureteroscope, can be adequate to 
navigate through most urethral narrowings on the way to the ureteral orifice. 

Unique to the male are the difficulties presented by the prostate. The lumen may 
be visually obstructed from enlarged lateral prostatic lobes, but physical obstruction 
is much less common. Elevation of the bladder neck from prostatic enlargement is a 
more difficult problem. It may be impossible to elevate the tip of a rigid cystoscope 
enough to overcome the posterior prostate at the bladder neck. This same elevation 
can obscure visualization of the ureteral orifice. A flexible cystoscope can pass 
through the visually obstructed prostatic urethra into the bladder. Greater maneuver- 
ability allows visualization within the bladder and possibly deflection posteriorly 
and laterally to reach the ureteral orifice. The safest step at that point is to place a 
wire into the ureter and leave it to maintain access. An angled smooth coated wire 
will give the best chance of passing if the orifice is not located immediately in front 
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of the cystoscope. Further angulation is achieved by placing an angled catheter 
through the lumen of the cystoscope and then the guidewire through that catheter. 

If a rigid cystoscope has been placed into the bladder, visualization of the ure- 
teral orifice may be even more difficult. It may be entirely hidden under the lobes of 
the prostate extending into the bladder. It may be impossible to angle the endoscope 
sufficiently to view the orifice with the 30° lens. There is a better chance to see the 
orifice with a 70° lens, but then it becomes nearly impossible to pass a wire or cath- 
eter into the ureter without additional attachments. An Albarran deflector is specifi- 
cally designed to angle or deflect a catheter or other devices into the field of the 70° 
telescope (Fig. 1.1). 


Ureteral Orifice 


Unique difficulties in access to the ureter present at the ureteral orifice. It can be 
obscured by alterations in the bladder mucosa and by anatomic and inflammatory 
changes in the distal ureter. Within the bladder, trabeculation from outlet obstruc- 
tion, generalized edema from infection or an indwelling balloon catheter, or local- 
ized edema from reaction to a distal ureteral calculus can obscure the ureteral orifice 
(Fig. 1.2). Tumor within the bladder overlying the orifice can also prevent visualiza- 
tion. In each case, the initial approach is the same. 


Fig. 1.1 (a) Side view of rigid cystoscope with Albarran deflector at near neutral position (black 
arrow). (b) The Albarran deflector can be adjusted to move wires or catheters with downward 
deflection into the field of view of the 70° lens 
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Fig. 1.2 Cystoscopic view 
of the left ureteral orifice 
in a patient with a left 
distal ureteral stone. The 
calculus has caused 
significant mucosal edema 
and has obscured the 
luminal opening of the left 
ureteral orifice 


Each normal orifice is located on the floor of the bladder, each lateral to the mid- 
line along the interureteric ridge. The orifice is usually identifiable by its appear- 
ance, its location, and peristalsis with the efflux of urine. When the anatomy is 
distorted with trabeculation, scarring, or edema, it may still be located in the normal 
area but not readily seen. The orifice is often localized by the efflux of urine. This 
can be seen by the flow of urine into the saline irrigation filling the bladder. Due to 
the different densities of the two different fluids, there are lines of refraction of light, 
which indicate the flow. The flow of urine may be seen more readily if it contains a 
coloring agent. The best alternatives for this purpose are relatively inert compounds, 
able to be applied intravenously to the patient, typically while under general anes- 
thesia, and after several minutes are excreted in the urine. Indigotindisulfonate 
sodium (indigo carmine) is a well-known agent for this purpose and is familiar to 
most urologists and gynecologists. After injection, it would typically result in blue 
efflux from the ureteral orifice, usually in less than 10 minutes in patients with nor- 
mal renal function and adequate hydration. Reports of severe hypertension and bra- 
dycardia have been reported with indigo carmine [1, 2], and recommendations have 
been made to avoid its use in patients with significant cardiac disease [3]. More 
practically, indigo carmine has not been readily available due to a shortage in its 
active ingredient since 2014. Another well-known agent, methylene blue, has been 
utilized for the same purpose but is considered less reliable since it can be metabo- 
lized to leucomethylene blue, a colorless metabolite, even in the presence of normal 
renal function [4]. It also must be avoided in pregnant patients and those with 
glucose-6-phosphate dehydrogenase (G6PD) deficiency due to concern for methe- 
moglobinemia. Due to these concerns, other agents have been studied for the pur- 
pose of ureteral orifice identification. Intravenous sodium fluorescein has been 
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Fig. 1.3 Cystoscopic view 
of the right ureteral orifice 
following intravenous 
injection of sodium 
fluorescein. Note the efflux 
of greenish yellow-tinged 
urine from the orifice 


utilized for retinal angiography and has since been studied for cystoscopic applica- 
tion [5, 6]. After intravenous injection, it results in a greenish yellow efflux of urine 
from the ureteral orifice (Fig. 1.3). Side effects include transient yellow sclera when 
used at higher does, as well as nausea, vomiting, and flushing. Independent of the 
intravenous agent selected, it is important to note that it may appear quickly or there 
may be a delay if there is diminished renal function or obstruction to the flow of 
urine. It is important to examine the area of the orifice carefully and steadily until 
the colored efflux is seen. 

Ureteroceles or duplications are usually diagnosed preoperatively, but they can 
also be recognized endoscopically. There is always an orifice in the ureterocele, 
often, but not always, located medially and posteriorly. When visible, the orifice can 
be accessed endoscopically. With duplication the aberrant orifice is generally 
located endoscopically along the ureteric ridge. The edematous ureteral orifice is 
usually normally located with symmetrical mucosal edema obscuring the opening 
of the orifice. Again, it is essential to observe the area very closely for the efflux of 
urine before attempts at manipulation. If it is identified in this way, it should be 
entered immediately either with a guidewire or a small diameter semirigid uretero- 
scope. If either of these successfully enters the ureter, the guidewire is left in place 
and the cystoscope removed. Because of the difficulty finding and entering the ure- 
ter, this safety guidewire is always valuable in these cases to locate the orifice for 
reentry. If a coated guidewire has been used for access, it should be replaced with a 
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more stable Teflon-coated wire, possibly a stiff design, to assure that the safety wire 
does not fall out of the ureter. 

When careful observation and these maneuvers fail to locate the orifice, two 
other techniques can be helpful. Active irrigation in the suspected location can com- 
press the mucosal edema and reveal the orifice itself. This effect can be emphasized 
or exaggerated by irrigating through the channel of a semirigid ureteroscope with 
syringe pressurization. The direct flow then compresses the edematous tissue more 
effectively. Only after these other techniques have clearly failed should one attempt 
to probe the expected location of the ureter. With excellent irrigation and visualiza- 
tion, the operator can place the straight, rounded tip of a coated guidewire very 
gently at the expected site. It should be used only as the last resort because it can be 
expected to cause bleeding. 

Alternatively, when the orifice cannot be accessed, the ureterocele can be punc- 
tured. A series of adult patients with orthotopic ureteroceles and associated calculi 
has been described in which holmium laser incision of the ureterocele and laser 
lithotripsy of the calculi are performed in the same setting [7]. Although published 
clinical experience is not robust, this series of 16 patients reported complete stone 
clearance with transient vesicoureteral reflux (VUR) in a small subset of patients, 
which resolved after 6 months. 


The Reimplanted Ureter 


The location of the ureter after a ureteroneocystostomy can be difficult to anticipate 
and hard to find. There are numerous indications for reimplantation ranging from 
treatment of pediatric reflux to distal ureterectomy for tumor treatment or after dam- 
age to the distal ureter and, most commonly, after renal transplantation. Full, thor- 
ough, well-visualized cystoscopy is essential to locate the neo-orifice. We prefer 
initial endoscopy with a rigid cystoscope using both the 30° and the 70° telescopes. 
In some patients it may be necessary to use a flexible cystoscope to visualize the 
entire bladder since the orifice may be located almost anywhere. 

Inspect the entire bladder thoroughly. Pay particular attention to the interureteric 
ridge. Some techniques for implantation involve advancement of the orifice medi- 
ally along the ridge, but others result in a more lateral placement. Search for evi- 
dence of the orifice by seeing urine flowing into the bladder. This may be detected 
by observing the refraction lines caused by mixing of fluids of different densities. 

The cross-trigonal reimplantation performed for reflux presents one of the most 
difficult positions for endoscopic access. It approaches the impossible to gain lumi- 
nal access with a catheter or wire using a simple rigid cystoscope with a 30° tele- 
scope. There is some chance of gaining access with an angled hydromer-coated 
wire. Using an Albarran deflector with a 70° telescope to direct a wire or catheter 
gives a better chance for positioning into the lumen. Alternatively, a combination of 
angled glide wire placed through an angled glide catheter allows for passage of the 


1 Difficult Access to the Ureter 7 


wire at an angle of 120° from the axis of the rigid cystoscope and has been success- 
ful in achieving retrograde access in the cross-trigonal configuration [8]. 

Most reimplantations in adults result in the orifice being located more aberrantly. 
Most will be found laterally or even anteriorly along the lateral portion of the blad- 
der. The neo-ureter commonly appears as a mucosal bud, a rounded protuberance 
formed by the end of the ureter itself. It has been described as appearing like a 
raspberry. The lumen is located within the center of this structure. Some surgical 
techniques place the neo-orifice posteriorly toward the floor of the bladder. Although 
these may be somewhat more technically difficult, they offer an excellent position 
for future endoscopic access [9]. 

In each case with such a difficult access, the first wire to be placed should be a 
straight hydromer-coated design. This will offer the best chance to pass through the 
orifice and throughout the lumen regardless of the specific anatomic difficulty. It 
may be necessary to exchange it for another specific wire design. For example, a 
long floppy-tipped wire like the Bentson or an angle-tipped wire can offer specific 
benefits to pass the curves in a very tortuous ureter. The ultimate wire for stability is 
the extra-stiff design, preferably with double-floppy tips. Any wire exchange should 
occur through a catheter. Our first choice is a 6 or rarely 5 Fr ureteral catheter. These 
usually offer enough stability to prevent coiling in the bladder with subsequent 
withdrawal of the wire from the ureter. An angled hydromer-coated catheter gives 
greater maneuverability within the ureter either to pass stones or to traverse tortu- 
osities. When they are not adequate, greater stability to buttress the wire or catheter 
and wire combination can be provided with a ureteral access sheath or the sheath of 
the rigid cystoscope itself (Fig. 1.4). 


Impacted Calculi 


Urinary calculi can become impacted at any point in the ureter. They tend to occur 
in the distal ureter, in the mid-portion as it courses over the iliac vessels and in the 
upper ureter. Complicating factors can occur with calculi within the ureter at any 
level. There can be associated edema, in some cases with pseudopolyps, total 
obstruction, distortion of the course of the ureter, and infection proximal to the cal- 
culus. The approach to the calculus at the orifice noted above has similarities at 
other locations. When the stone is located at the ureterovesical junction, there may 
be relatively easy endoscopic access into the ureteral orifice. The lumen may lead 
directly to the calculus. It can be bypassed with a wire, pushed proximally into a 
more dilated portion of the ureter, or fragmented in situ. Although the anatomy can 
be distorted with alteration of the course of the lower ureter, it is less common than 
in more proximal locations. With hydronephrosis there is both dilation and length- 
ening of the ureter, but the distal portion is fixed to the bladder as a constant 
landmark. 

Impaction in the mid-ureter presents additional problems. It usually occurs at, or 
just proximal to, the iliac vessels. As the ureter descends over the psoas muscle, it 
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Fig. 1.4 (a) Coronal CT scan views of pediatric en bloc kidney transplant in an adult recipient 
with renal pelvic stone (white arrow) and (b) lower pole renal stone (black arrow). (c) Initial wire 
placement into transplant ureteral orifice along the right lateral bladder wall shows access is 
achieved but coiling of the wire has resulted. White arrow marks renal pelvic stone. (d) Flexible 
ureteroscopes can be placed over coiled wires, but this results in suboptimal maneuverability and 
potential damage to ureteroscope shaft. (e) Placement of wire and ureteral catheter combination 
through a rigid cystoscope sheath (white arrow) under fluoroscopy eliminates buckling of wire for 
most direct retrograde access. (f) Placement of flexible ureteroscope through the cystoscope sheath 
allows full access even to the transplant kidney lower pole without buckling 


courses slightly posteriorly before moving anteriorly over the surface of the vessels 
before once again going posteriorly and laterally in the pelvis. This anatomy should 
be considered with any attempts to bypass the stone with a wire or to move it more 
proximally. If a highly or totally obstructing stone has been identified at the level of 
the vessels preoperatively or with the retrograde ureterogram, an angled hydromer- 
coated wire should be the first choice as an instrument to gain access beyond the 
stone. The wire can be rotated to position the tip at multiple different points where 
the stone and the ureteral wall meet. Placement of this wire through an angled cath- 
eter can give even more options in positioning. If these attempts at access fail, the 
flexible ureteroscope can be placed directly into the ureter to approach the calculus. 
From this position, the ureter will be coursing anteriorly over the vessels and then 
again posteriorly more proximal to the vessels. Placement of any wires or attempts 
to dislodee and move the stone should be in the expected direction of the course of 
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the ureter. Under direct vision, the stone can often be seen even when there is sur- 
rounding edema. À wire is then placed at the edge of the stone adjacent to the least 
edematous portion of the ureter and directed toward the expected course of the 
lumen. When this is impossible, direct fragmentation of the stone can be initiated 
without first gaining access with a wire. 

Obstructing stones in the proximal ureter more commonly cause tortuosity of the 
ureter along with hydronephrosis (Fig. 1.5). A similar approach to that used for 
more distal obstructing stones also can be used at this location. Additionally, tech- 
niques are needed to pass through the tortuous portion of the ureter to reach the 
renal pelvis for treatment of intrarenal stones or for drainage purposes. Both special 
guidewires and manipulation with the deflectable tip of the ureteroscope can be 


Fig. 1.5 (a) Retrograde pyelogram demonstrates a large right proximal ureteral stone with com- 
plete obstruction. (b) Resistance is met with initial placement of a guidewire. (c) Successful nego- 
tiation of the obstruction with an angled hydromer wire placed through a ureteral catheter under 
fluoroscopy. (d) Exchange of a super stiff wire through the ureteral catheter results in straightening 
of the ureteral tortuosity. Contrast can be seen in the dilated calyces of the right kidney. (e) 
Successful placement of flexible ureteroscope with reduction of stone burden with active laser 
lithotripsy 
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used to pass these tortuosities. Either an angled hydromer-coated wire or a Bentson 
wire with a long floppy tip will be useful in this maneuver. 

Urinary sampling and subsequent internal drainage is usually necessary in these 
cases with highly obstructing calculi. After the proximal lumen of the ureter has 
been reached with a guidewire, a catheter should be placed over the wire to aspirate 
urine. If the encountered urine is very cloudy or malodorous, it should be sent to 
microbiology for formal culture. At that point, the system should be drained and the 
procedure terminated. If the aspirated urine happens to be clear, then the stone can 
be treated. Clearly, a stent should be left in place to drain the system in cases of 
high-grade obstruction. 


Occlusive Ureteral Tumor 


Ureteral tumors, even larger low-grade lesions, can cause ureteral obstruction and 
visual occlusion. It may be difficult to pass a wire beyond the neoplasm from the 
level of the bladder. Direct vision with ureteroscopy should demonstrate the margin 
between the tumor and the wall of the ureter (Fig. 1.6). The ureteroscope should be 
advanced with irrigation along that plane. If it does not pass because of an extensive 
base of the tumor or because of loss of vision from bleeding, a coated guidewire is 
passed along that same plane and advanced and rotated to pass. Once a guidewire 


Fig. 1.6 (a) Retrograde pyelogram shows a large right proximal ureteral upper tract urothelial 
carcinoma with a very broad base (black asterisk). A small luminal narrowing exists as seen by 
contrast passage on the lateral aspect of the ureter. (b) Retrograde ureteral access between the 
tumor and the ureteral wall was possible by placing a wire under direct ureteroscopic 
visualization 


1 Difficult Access to the Ureter 11 


has passed and the urine sampled, the tumor can be sampled or treated 
endoscopically. 


Ureteral Narrowing or Stricture 


Narrowing of the ureter itself may be unexpected or anticipated from preoperative 
contrast studies or the patient’s history including previous radiation treatment or 
pelvic surgeries. À cone-tipped ureteropyelogram is particularly useful to define the 
anatomy and the lumen of the ureter (Fig. 1.7). À hydromer-coated wire should be 
used initially to gain access. The smallest diameter ureteroscope should be used. A 
very short stricture (1 mm or less) can be inspected endoscopically. Occasionally, 
these can be passed with the ureteroscope or can be successfully dilated with a bal- 
loon or a graduated dilator. Whenever there is severe dilation of the ureter proximal 
to the stricture, urine in that area should be sampled for inspection and culture. 
Strictures longer than a few millimeters can be more difficult to pass and to manage. 
If the stricture cannot be dilated quite easily to allow the endoscope to pass, an 
indwelling ureteral stent should be left in place to allow passive dilation. The endo- 
scopic procedure can then be attempted again after several days. 

Total occlusion of the ureter can also be grouped into very short or larger seg- 
ments with the accompanying change in difficulty to treat and prognosis for suc- 
cess. If no contrast passes and no lumen can be seen with the ureteroscope, 
occasionally a symmetrical, usually central “dimple” can be seen. A straight-coated 
guidewire is placed against the dimple and advanced firmly and steadily. Often it 


Fig. 1.7 (a) Retrograde pyelogram with a cone-tipped catheter shows a long distal ureteral stric- 
ture (black arrow) with severe ureteral dilation proximal to the obstruction. (b) View of the proxi- 
mal ureter in the same patient. The hallmark of chronic ureteral obstruction is upstream ureteral 
dilation and tortuosity 
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will pass into the proximal lumen when this configuration is seen. If the uretero- 
scope will not pass through this area, it is removed, and an open-ended ureteral 
catheter is passed through the stricture to exchange the guidewire for a sturdier ver- 
sion. The short segment is then dilated. The endoscopic procedure can be continued 
if the proximal urine is clear. 

When there is generalized scarring of the strictured segment as viewed endo- 
scopically, distortion of the area, or evidence of a long obliterated area defined on 
preoperative imaging, then further procedures may be necessary. It is reasonable to 
attempt to place a wire as done for short segments, but the success will be lower. A 
smaller wire such as 0.025 inch may be helpful. If the obstruction cannot be passed, 
a combined antegrade and retrograde procedure can be useful. On completion of the 
ureteroscopic procedure, a ureteral catheter should be left in place for later admin- 
istration of contrast when a nephrostomy tube has been placed. With contrast 
instilled proximally and distally, the length of the obstructed segment can be deter- 
mined accurately radiographically. A decision can then be made on treatment. 
Either a laparoscopic repair or combined antegrade and retrograde endoscopy for 
recanalization may be indicated. 


Ureteropelvic Junction Obstruction 


Obstruction at the ureteropelvic junction (UPJ) can occur with various anatomic 
abnormalities. There may be a narrowing at the ureteropelvic junction, high inser- 
tion of the ureter into the renal pelvis, or a vessel crossing to cause obstruction. 
Although there is usually some distortion of the area, the greatest problem occurs 
when the distended renal pelvis angulates the junction of the ureter into the pelvis. 
It may lift the UPJ itself away from the ureter and form a very sharp angle into the 
pelvis. This deformity can be bypassed with techniques similar to those used for a 
tortuous ureter. An angled or a long floppy-tipped guidewire may enter it success- 
fully. Alternatively, advancement with deflection and straightening of the flexible 
ureteroscope will often pass into the pelvis. It is very important to place a stiff 
guidewire through the UPJ to straighten it and maintain access. 


Summary 


Potential obstacles to upper urinary tract access exist within the luminal space from 
the urethral meatus all the way to the intrarenal collecting system. Successful access 
into the ureter in any circumstance requires the availability of rigid and flexible 
ureteroscopes as well as several different guidewires and ureteral catheters. When 
difficult access has been achieved, a stiff guidewire should be placed to maintain 
this access and allow for manipulations while minimizing the risk of buckling or 
creating ureteral perforations. 
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Chapter 2 A 
Imaging of the Upper Urinary Tract crente; 
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and Michael Grasso III 


Introduction 


The overall prevalence of upper urinary tract stones is on the rise [1, 2], making 
accurate and efficient diagnosis of this problem more important than ever. Imaging 
plays a central role in defining the extent of stone burden, therapeutic planning, and 
follow-up of patients with urolithiasis. Imaging techniques include conventional 
radiography (abdominal X-ray of the kidneys, ureter, and bladder or KUB), intrave- 
nous urography (IVU), ultrasound (US), magnetic resonance urography (MRU), 
and computed tomography (CT) scans; each of these modalities is associated with 
advantages and limitations. Plain film radiographs and intravenous pyelographic 
techniques were replaced in emergency rooms and office clinics by sonography and 
single-slice CT, beginning in the early 1990s [3-5]. 

Additional advances in imaging, including multidetector CT scanning, dual- 
energy CT scanning, improved sonographic equipment, and scanning techniques, 
have further refined the use of imaging in stone disease. Imaging in suspected stone 
disease helps confirm the diagnosis and exclude other pathologies (such as acute 
appendicitis, diverticulitis, ovarian torsion, etc.) with high accuracy [6, 7]. Once the 
diagnosis of urolithiasis has been made, imaging provides anatomical, functional, 
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and physiological information about the stone and the collecting system, factors that 
help in implementing therapeutic strategies. 

Stones in the renal pelvis above the ureteropelvic junction are more often treated 
with shock wave lithotripsy (SWL), ureteroscopy, or percutaneous nephrolithotomy 
(PCNL). Larger stones and staghorn calculi are removed with PCNL. PCNL requires 
percutaneous ultrasonography (US) or fluoroscopically guided puncture of a renal 
calyx, tract dilation, and stone fragmentation-extraction. Stones in the ureter are 
usually treated via medical expulsive therapy, hydration, and pain control. Larger 
ureteral stones may require intervention with SWL or ureteroscopy with 
fragmentation-extraction. Imaging is therefore important both in the initial diagno- 
sis of these stones in terms of location and size and in follow-up of therapies to 
assess for resolution/complication. 

Upper tract urothelial carcinoma (UTUC) is relatively rare. Bladder tumors 
account for 90-95% of urothelial carcinomas. Upper tract lesions account for 
5-10% of urothelial carcinomas, with an estimated incidence of two cases per 
100,000 inhabitants in the Western world [8]. Within the upper tract, tumors of the 
renal pelvis are twice as common as tumors of the ureter, and both can present with 
simultaneous bladder tumors in about 17% of initial cases [9]. UTUC can spread 
locally by way of mucosal extension and systemically by either hematogenous or 
lymphatic pathways. Metastatic sites most frequently involve retroperitoneal and/or 
pelvic lymph nodes, the liver, lungs, and bone [10]. 

Patients with UTUC often have non-specific and variable presentations. While 
hematuria is the most common presenting symptom (70-80%) [8], this finding is 
non-specific and can, in fact, be attributable to other causes, such as renal stones, 
prostatic hyperplasia, or urinary tract infections. Patients may also present with 
symptoms of urinary obstruction or, less frequently, with evidence of metastatic 
spread. In this light, non-invasive imaging plays an appreciable role in the diagno- 
sis, workup, and follow-up of UTUC. 


Conventional Radiography/Abdominal Plain Film 


Traditionally, diagnosis of suspected renal stones was made via a plain film radio- 
graph, termed a radiograph of the kidneys, ureters, and bladder (KUB). Since the 
majority of urinary tract stones contain calcium, most stones that are sufficiently 
large (at least 2.6 mm in size) [11] should be visible on plain radiography. However, 
certain stone compositions, particularly radiolucent stones (such as uric acid or 
matrix stones), are not visible on KUB. The advantages of a KUB include its wide 
availability, minimal radiation exposure, and low cost. However, visualization of 
stones is limited by small stone size, overlying bowel gas/fecal retention in the 
colon, body habitus of the patient, and overlying bony structures. 

The sensitivity and specificity of KUB for detecting urinary tract calculi (when 
utilizing CT as the gold standard) have been reported as 45-59% and 71-77%, 
respectively [12]. Another limitation of plain film radiography is the lack of soft 
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tissue detail of the viscera, limiting evaluation of the kidney, ureter, and associated 
fascial planes. Thus, it is not typically used for preoperative planning for percutane- 
ous nephrolithotomy or extirpative renal procedures. Rather, it is primarily used in 
planning fluoroscopically guided SWL, in follow-up of Known radiopaque calculi 
(for patients who have elected for surveillance of their calculi), and for monitoring 
the status of stone fragments after SWL, ureteroscopy, and PCNL [13]. 


Ultrasound 


Ultrasound (US) is a popular modality for evaluation of the urinary tract. It does not 
utilize ionizing radiation and is thus a procedure of choice for children and pregnant 
patients with suspected urolithiasis (Fig. 2.1). US is also the preferred imaging 
modality to detect hydronephrosis and hydroureter, although it often does not reveal 
the cause of the obstruction [14]. 

In the setting of acute renal colic, measurement of the resistive index of the kid- 
ney may provide information about the true presence of obstruction, but the exact 
threshold for the resistive index (usually defined as greater than 0.7) is not precise. 
As background, in urinary tract obstruction, pathophysiological changes affecting 
the pressure in the collecting system and kidney perfusion occur. Ultrasound is very 
sensitive for the detection of collecting system dilation, but the collecting system 
may be dilated without obstruction. To differentiate these conditions, color Doppler 
sonography can be performed with measurement of the resistive index (RI) in the 
intrarenal arteries. True obstruction (except in the hyperacute stage) leads to intra- 
renal vasoconstriction with a consecutive increase of the RI above the upper limit of 
0.7, whereas non-obstructive dilation does not cause an increase in the 
RI. Unfortunately, there is crossover between other physiological conditions besides 
obstruction that may lead to an elevated RI, so that this measure in isolation has a 
relatively high variability between readers [15, 16]. 


Fig. 2.1 Renal ultrasound 
with sagittal view of the 
left kidney demonstrates 
mild hydronephrosis and a 
proximal ureteral stone 
with shadowing (red box). 
By convention, the upper 
pole is marked with a red 
star and lower pole marked 
with a yellow star 
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It is important to recognize the limitations of US in the diagnosis of renal and 
ureteral stones, which are limited sensitivity for stone detection and the overestima- 
tion of stone size. Many well-designed studies, by multiple groups, have compared 
the performance of non-contrast computed tomography (NCCT) to US for the 
detection of renal and ureteral stones. On the whole, these studies demonstrate US 
is not as sensitive for stone detection and tends to overestimate the size of stones, 
especially for smaller-sized calculi. In a prospective study, Sheafor et al. reported 
96% sensitivity for NCCT to detect ureteral stones compared to only 61% with US 
[17]. A review of the literature performed by Ray et al. reported a pooled sensitivity 
of only 45% for US in the detection of ureteral and renal stones compared to NCCT 
[18]. Another more contemporary study comparing NCCT to US done within 
24 hours of each other for patients with nephrolithiasis reported that US missed 
37% of the stones detected by NCCT, with the average size of the missed stones 
noted to be 4.5 mm [19]. The same study made note of the common overestimation 
of stone size by US. For stones measuring <5 mm on NCCT, but seen on both 
NCCT and US, overestimation in size was made by US in 82% by an average of 
3.3 mm. In another study, stones <4 mm on NCCT were overestimated by US in 
33% [20]. Overestimation of stone size by US must be appreciated as a limitation 
since it could potentially alter management, and it is for this reason that KUB X-rays 
are often ordered together with US for follow-up of nephrolithiasis in lieu of NCCT, 
in an effort to limit patient radiation exposure. It is important to relay the limitations 
of US with patients in order to properly manage expectations. 

Ultrasound has some limited use in the assessment of upper tract urothelial can- 
cer. Renal pelvic lesions may appear as a soft tissue mass within an echogenic renal 
sinus. These lesions are typically hyperechoic relative to normal renal parenchyma. 
Lesions within an infundibulum may cause focal calyceal dilation. As ultrasound 
rarely visualizes ureters, it is limited in the assessment of ureteral lesions [10]. 


Intravenous Urography/Intravenous Pyelography 


Intravenous pyelography (IVP) previously served as the gold standard for the diag- 
nosis and follow-up of urinary stones. This modality involves taking successive 
plain films targeted at the depth of the kidneys, after a bowel preparation has been 
administered, first with a scout radiograph and then at predetermined time points 
after the administration of hypertonic radiopaque contrast intravenously. The resul- 
tant high-resolution images demonstrate the kidneys in various stages of contrast 
enhancement and demonstrate the excretion of the contrast into the collecting sys- 
tem of the kidney, thereby providing excellent anatomical detail of the minor and 
major calyces, infundibula, renal pelvises, and ureters. A renal or ureteral stone is 
seen as a filling defect within the collecting system in this modality. 

Advantages of IVP include its availability, its ability to estimate renal function, 
degree of obstruction, and its superior depiction of fine anatomy due to its high 
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resolution (excellent demonstration of the cystic tubular ectasia of medullary sponge 
kidney, subtle calyceal diverticula, and subtle contrast extravasation) [21]. 

The disadvantages of IVP include its requirement for a bowel preparation for 
improved visualization of the kidneys, its requirement for intravenous contrast 
administration, the requirement for radiation, its poor depiction of intra-abdominal 
and pelvic organs, and its variable acquisition times (up to 108 min in one study) 
[22]. Furthermore, the sensitivity of IVP for detecting ureteral calculi varies from 
59.1% to 64% in the literature, with a specificity of 92% [22, 23]. Additionally, a 
meta-analysis of four studies involving 296 patients concluded that non-contrast 
helical CT was significantly better than IVP at diagnosing and excluding stones 
(pooled positive likelihood ratios for non-contrast CT and IVP were 23.15 and 9.32, 
respectively) [24]. Due to the better sensitivity and specificity of non-contrast 
(unenhanced) helical CT scans relative to IVP, this modality has been largely 
replaced by CT scans for the diagnosis of urolithiasis. Limited contemporary indi- 
cations for IVP include situations in which immediate evaluation of the upper uri- 
nary tract is necessary, such as in the operating room during trauma cases or to rule 
out iatrogenic injury [25]. IVP is also uniquely useful in the diagnosis of renal pto- 
sls, a rare condition in which there is renal descent when moving from the supine to 
the upright or erect position (Fig. 2.2), which causes renal colic when the patient is 
uprieht, but is relieved when they are recumbent. Once diaenosed, this condition is 
effectively treated with nephropexy. 


Fig. 2.2 (a) Intravenous pyelogram in the erect position with lumbar vertebra numbered. Note 
significant kinking of the right proximal ureter at the level of the L4 vertebra. (b) Same patient in 
the supine position, showing significant upward migration of the right kidney with straightening of 
the right ureter. This patient had right renal ptosis successfully treated with robotic nephropexy 
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Renal UTUC may present as a filling defect within the contrast-enhanced col- 
lecting system. Irregular or stippled appearance reflects the tracking of contrast 
material into the interstices of a papillary lesion. This appearance, however, is non- 
specific and may reflect the presence of clot or fungal lesions. This modality is also 
limited in the presence of hydronephrosis or poor contrast excretion [10]. 


Computed Tomography 


Background 


Non-contrast helical CT is currently viewed as the optimal initial study for investi- 
gating patients with suspected urolithiasis [26, 27]. Non-contrast CT was first 
described as useful in the investigation of stones in 1995, since when it has been 
repeatedly proven to have unrivaled accuracy in the diagnosis of urinary tract stones, 
with a reported sensitivity of 95-98% and a specificity of 96-100% [3, 4, 28-32]. 

Initially, all CT scans were performed utilizing single-slice, point, and shoot 
technology (these are non-helical, non-spiral CT scanners). However, since 1998, 
when the first multidetector (also termed helical or spiral) CT scanners were intro- 
duced, almost all single-slice scanners have been replaced by multidetector scan- 
ners, ranging from 2 detectors to 128 detectors. These advances have allowed the 
resolution of CT scanners to dramatically improve, by acquiring data of sub- 
centimeter slice thickness, allowing isotropic volume acquisition such that three- 
dimensional datasets can be generated by a single 1-min axial acquisition. 
Additionally, there have been advances in the post-processing algorithms and work- 
stations, which generate multi-planar datasets. These advances have improved the 
diagnostic image quality of CT, such that the depiction of renal and ureteral stones, 
including the number, size, and location of the stones; skin-to-stone distance; and 
distance to the ureterovesical junction, is easily made. Additionally, when axial 
images are reviewed in conjunction with high-resolution coronal reformatted 
images (generated from the isotropic thin slice axial acquisition), there is improved 
detection of stones [33, 34]. 

With these advances in the depiction of small stones, there is also an improved 
ability of multidetector CT to assess the attenuation measurements and internal 
structure of stones, which again helps predict response to treatment. Although deter- 
mination of exact stone composition is not reliably achievable with CT, given the 
overlap of Hounsfield units (HU) range for various stone types and combinations 
[35-37], response to therapy can be predicted. Multiple groups have shown more 
effective treatment response using SWL when the stone attenuation is less than 
900-1000 HU [38, 39]. CT also provides skin-to-stone distance, which has also 
been shown to affect SWL success with the best outcomes in patients with skin-to- 
stone distance of <10 cm [38, 40, 41]. 
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Dual-energy CT has evolved and can better characterize stone type relative to 
conventional multidetector CT [42]. Dual-energy CT is performed with either one 
(with rapid kilovolt peak switching between the low and high energy) or two X-ray 
tubes of low and high energy, with two corresponding 64-detector arrays in opposi- 
tion at 90° angles [43, 44]. The dual X-ray tubes allow for scanning at two different 
energies (typically 80 and 140 kVp), which allows the obtained data to be character- 
1zed for tissue content [45]. The tissue has variable X-ray attenuation at the low and 
high kVp energies, which the dual-energy software utilizes to determine the mate- 
rial being scanned. Thus, with dual-energy CT, it is possible to differentiate between 
pure uric acid, mixed uric acid, and calcified stones [46]. 


Tumor Assessment 


As a part of a hematuria workup, three-phase (non-contrast, contrast/nephrogenic, 
and excretory/post-contrast phase) CT imaging (commonly referred to as CT uro- 
gram in most centers) can be helpful in identifying sources of hematuria that non- 
contrast imaging alone may miss. CT urography involves multiphasic helical 
imaging of the abdomen and pelvis without and with intravenous contrast. The pre- 
contrast phase evaluates for renal or ureteral stones and provides a baseline set of 
images to assess for any possible renal mass, to be compared to contrast-enhanced 
images derived later. The nephrogenic phase, usually 80-140 seconds after contrast 
infusion, allows for assessment of the renal parenchyma, and an excretory phase, 
typically 4-8 minutes after infusion, allows for assessment of the urothelium. 
Reconstructions allow for assessment of the entire luminal space of the upper uri- 
nary tract. 

CT urography has the highest diagnostic accuracy of available imaging tech- 
niques, sensitivity of 0.67—1.0, and a specificity of 0.93-0.99, although it is less 
effective in assessment of flat or particularly small (less than 5 mm) lesions [8]. It is 
generally the preferred imaging modality for initial diagnosis and clinical staging 
of UTUC. 

The appearance of UTUC on CT is variable. It frequently appears as an enhanc- 
ing soft tissue mass within the collecting system or ureter. Depending on the phase 
of the imaging, UTUC may appear somewhat hyperdense on pre-contrast images 
and may demonstrate early enhancement with washout on post-contrast phases. 
Urothelial lesions are typically seen as filling defects during the excretory phase 
(Fig. 2.3) or may present as an irregularity, mural thickening, or an obstructed calyx. 
Advanced lesions may demonstrate infiltration into renal parenchyma (Fig. 2.4) 
with distortion of normal architecture. An additional benefit of CT urography is for 
the purposes of staging of the tumor, as it allows for concurrent imaging of the most 
common sites of metastatic spread — lymph nodes, liver, bones, and lungs. The over- 
all accuracy of prediction pathologic stage however ranges between 36 and 83% [10]. 
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Fig. 2.3 (a) Coronal view of CT urogram during nephrogenic phase. White arrow points toward 
enhancing luminal tumor in the left renal pelvis. (b) Same patient with coronal view during 
delayed, urogram phase clearly shows a filling defect worrisome for upper tract urothelial carci- 
noma (white arrow). (c) Same patient with axial view during urogram phase with white arrow 
showing left renal pelvis filling defect. (d) Retrograde pyelogram performed in the operating room 
shows the lesion as a filling defect (black arrow), which was later identified as upper tract urothe- 
lial carcinoma 


Limitations 


There are disadvantages of CT scanning, predominantly related to the increased 
radiation dose of this modality relative to standard plain films and IVP (or ultra- 
sound/MRI, which do not use ionizing radiation). While the long-term effects of 
repeated CT scans for patients who are habitual stone formers are not established, 
there is a concern about the potential for increased malignancy (e.g., leukemia and 
thyroid cancer). The radiation dose delivered to a patient for a routine CT scan is 
approximately 8-16 millisieverts (mSV) compared with 0.5-0.9 mSV for a plain 
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Fig. 2.4 (a) CT urogram axial view during nephrogenic phase shows infiltrating upper tract uro- 
thelial carcinoma (white arrow) in the posterior lower pole of the right kidney, consistent with 
parenchymal invasion. (b) Retrograde pyelogram in the same patient demonstrating missing lower 
pole portions of the collecting system, an ominous finding frequently seen with locally advanced 
upper tract urothelial lesions. (c) Retrograde pyelogram of a different patient showing infundibular 
narrowing (black arrow and blue dashes). When associated with upper tract urothelial carcinoma, 
this is also a finding often seen with locally advanced disease 


film of the abdomen and 1.3-3.5 mSV for an IVP [47]. Reports with lower-dose CT 
scans deliver radiation similar to that of abdominal plain films (0.5-2 mS V), and 
these studies have shown no change in accuracy in detecting stones compared with 
standard CT, with a sensitivity of 98% and specificity of 95% in the low-dose cohort 
[47, 48]. One important caveat is that sensitivity and specificity for ureteral stone 
detection using low-dose CT are diminished in patients with BMI over 30 kg/m°. 
This is reflected in contemporary protocols which call for low-dose CT in patients 
suspected to have ureteral stones with BMI < 30 kg/m’, while conventional CT is 
used for patients with BMI > 30 kg/m’, in order to maintain diagnostic effective- 
ness [49]. 
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CT imaging requires the administration of intravenous contrast, which can result 
in contrast-induced nephropathy or allergic reactions to the contrast medium. This 
concern has, in recent times, been addressed by protocols established by the 
American College of Radiology regarding pre-medication for interventions and 
protocols advocating for reduced dosage intravenous contrast and optimization with 
intravenous volume expansion with normal saline or bicarbonate [50]. 

Another shortcoming of CT imaging can result from incomplete opacification of 
the ureters from peristalsis. Some techniques to remedy this have included the 
administration of IV saline or furosemide to facilitate distention of the collecting 
system and ureters [51]. Additionally, in patients with ureteral obstruction, contrast 
excretion may be inhibited, impeding adequate evaluation of the collecting system 
and ureter, rendering this study less effective for this population of patient. 


Magnetic Resonance Imaging 


Background 


Magnetic resonance imaging (MRI) has gained popularity, and its current use is 
mixed, given the respective benefits and limitations of the technology. As it is not 
sensitive for the detection of calcifications, MRI is of limited value in the direct 
evaluation or diagnosis of renal stone disease but is of utility in the staging and 
surveillance of upper tract urothelial carcinoma. However, in patients for whom 
radiation should be avoided (e.g., young patients, pregnant patients), MRI has util- 
ity in the diagnosis of obstructive stone disease, where it is usually used as an 
adjunct to sonography, and has utility in the initial workup of UTUC for similar 
reasons. Furthermore, the use of gadolinium as a contrast agent makes MRI benefi- 
cial to patients with a history of allergy to iodinated contrast or those with impaired 
renal function. Newer techniques involving chelation of gadolinium have further 
improved the safety profile of this agent. As with CT imaging, MRI is capable of 
assessing the ureters, renal parenchyma, perinephric tissues, and distant anatomy. 
MRI’s utility is limited by the fact that it is time-consuming and costly and had 
decreased spatial resolution relative to CT imaging. Increased acquisition time may 
lead to motion artifact introduced by breathing or peristalsis. 


Stone Management 


Diagnosis of an obstructing stone on non-contrast MRI is usually seen on fluid- 
sensitive sequences as a dilated collecting system with increased signal (edema) sur- 
rounding the kidney/ureter; the stone (although usually not seen) may occasionally 
present as a signal void [52]. Regan et al. evaluated the efficacy of MR urography in 
the diagnosis of stone disease and concluded that it is highly accurate in identifying 
the level and degree of ureteric obstruction when compared with IVP [53]. 
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Urothelial cancers have lower signal intensity than urine on T2-weighted images, 
allowing for presentation of tumors in a dilated system [10]. However, since it is 
isointense to parenchyma, gadolinium is of benefit to assess the extent. Static MR 
urography performed by using heavily T2-weighted sequences can permit accurate 
localization of ureteric obstruction. 


Positron Emission Tomography (PET) 


18-Fluorodeoxyglucose (18-FDG) PET/CT is an imaging modality of utility in 
staging and surveillance of a host of metabolically active malignancies. As a result, 
it is effective at detection of metastatic disease in lymph nodes, with a greater sen- 
sitivity and specificity compared to CT imaging alone [54]. The sensitivity and 
specificity of PET CT for nodal disease in untreated patients is 77% and 97%, 
respectively, with an attendant drop to as low as 50% in patients who have previ- 
ously received chemotherapy [55]. The marked uptake and excretion of the tracer in 
the urinary tract often limit direct assessment of UTUC. Other compounds, like !!C 
choline and !!C acetate, may help identify urothelial lesions on fusion CT imaging; 
however, these agents are currently not readily available [55]. 


Conclusion 


Radiographic imaging is indispensable to the urologist as a part of diagnosis, plan- 
ning, and surveillance for stones and upper tract urothelial lesions. As the resolution 
and cost of newer modalities have improved, so too has their relative utility. Imaging 
of renal stones in the future may allow detailed and accurate identification of the 
stone composition, which has the potential to further refine management. 
Furthermore, as these and future technologies improve, our capacity to diagnose 
UTUC earlier and stage the disease more effectively will lead to improved out- 
comes for patients. 
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Ureteroscope Specifications: Flexible, Semi-rigid, 
and Single Use 


Silvia Proietti, Vincent De Coninck, and Olivier Traxer 


Historical Background of Ureteroscopy 


Historically, ureteroscopic surgery has evolved from a mere diagnostic procedure 
with several limitations to an accurate, complex, and technologically advanced sur- 
gical procedure able to navigate the entire upper urinary tract, allowing for treat- 
ment of different stones and tumors of the collecting system. 

The first ureteroscopy was inadvertently performed by Hugh Hampton Young in 
1912. He was able to visualize the renal pelvis and calyces endoscopically with a 
cystoscope as the patient had dilated ureters [1]. The introduction of the rod lens 
system by Hopkins in 1956 allowed for a brighter and more superior image relative 
to older models. It also helped in reduction of the diameter of the endoscope [2]. 
The first ureteroscope used in clinical practice was developed by Richard Wolf 
Company with a sheath design available in 13, 14.5, 16 Fr, and 30 cm in length. In 
1978, Lyon et al. reported its first use by performing a diagnostic ureteroscopy [3]. 
Surpassing the sole diagnostic purpose of ureteroscopy, Pérez-Castro and Martinez- 
Piniero in 1980 described the first ureteroscopy for stone treatment [4]. They used 
an 11 Fr rigid ureteroscope manufactured by Karl Storz Company. 

The real breakthrough in ureteroscopy was made by the introduction of fiberop- 
tic technology that allowed the development of flexible ureteroscopes. In 1964, 
Marshall described the first application of flexible ureteroscopy [5], and Takagi in 
1971 reported the first clinical use of a flexible ureteroscope with an active deflect- 
able tip [6]. The drawback of this instrument was that it had poor image resolution 
and lacked a working and irrigation channel. Subsequently, developments were 
made in terms of design, which included secondary passive deflection, greater 
degrees of active deflection, and integration of a working channel. 
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The next major development was application of groundbreaking fiberoptic technol- 
ogy to rigid ureteroscopes. The first semi-rigid ureteroscope was introduced in 1989 
[7]; since then, the manufactures have been able to reduce the size of semi-rigid ure- 
teroscopes and increase the diameter of the working channel thanks to the use of fiber- 
optics. The flexibility of the shaft induced by the fiberoptic bundles compared to rigid 
endoscopes, without any image distortion, has resulted in the use of term “semi-rigid.” 

Another real breakthrough in endourology was with the introduction of digital 
technology in an effort to improve the limitations of fiberoptic image, characterized 
by the honeycomb pattern due to the spaces between the fiberoptic strands. Digital 
technology was introduced in the 1960s and 1970s, initially in military uses. The 
first digital flexible ureteroscope was the Gyrus ACMI Invisio DUR D. 


Rigid and Semi-rigid Ureteroscopes 


Rigid ureteroscopes are available in many sheath sizes and eyepiece designs to 
facilitate the negotiation of the ureteral orifice and the navigation along the ureter. 
The real step forward in ureteroscopy was the introduction of fiberoptic technology 
and the development of semi-rigid ureteroscopes. These endoscopes are character- 
ized by high-density fiberoptic bundles inside a semi-rigid metal sheath. The use of 
fiberoptics reduces the space requirements for the optical component within the 
endoscope, allowing for a larger working channel. The semi-rigid ureteroscopes can 
be made smaller without sacrificing the size of the working channel. More recently, 
ultra-thin semi-rigid ureteroscopes have been developed by different manufacturers, 
with their shaft ranging between 4.5/6.5 and 6.5/9.9 Fr (Table 3.1). 

The large working channel of semi-rigid ureteroscopes is an important feature for 
allowing simultaneous instrument passage and irrigation, without impairing vision. 
Most working channels of this design offer a working channel ranging between 3 and 
6 Fr. Currently, ureteroscopes with two separate working channels are also available. 

Most semi-rigid ureteroscopes have a tapered oval or circular tip. Some manu- 
facturers have started producing ureteroscopes with a smooth triangular beveled tip 
to reduce trauma to the ureteral orifice while introducing the instrument. 

Rigid or semi-rigid ureteroscopes can make use of either a fixed or a pendulum- 
type camera. With a fixed camera, the image orientation can be lost with rotation, 
similar to the situation in digital flexible ureteroscopy. If present, luminal air bub- 
bles may help the surgeon regain orientation because they always indicate the 12 
o'clock position (Fig. 3.1a and b). 


Flexible Ureteroscopes 


Flexible ureteroscopes are divided into fiberoptic and digital scopes (Table 3.2). It 
has been demonstrated that digital flexible ureteroscopes result in decreased 
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Table 3.1 Currently available semi-rigid ureteroscope models and specifications 


Number 

Proximal Tip Working | of Angle of | Working 

diameter | diameter | channel | working | view length 
Model Brand (F) (F) size (F) channels | (degrees) | (cm) 
OES Pro Olympus | 7.8 6.4 4.2 1 7 33, 43 
OES Pro Olympus | 9.8 8.6 6.4 1 7 43 
OES 4000 Olympus | 7.5 15 34+24 2 7 33,43 
27,000 K/L Storz 9.9 6.5 4.8 1 6 34, 43 
27,001 K/L Storz 12.0 7 5.0 1 6 34, 43 
27,002 K/L Storz 12.0 8.0 6.0 1 6 34, 43 
27,003 L sec. | Storz 12.0 9.0 6 1 6 43 
Michel 
27,010 K/L Storz 9.9 7.0 3.4 1 6 34, 43 
27,013 L sec. Storz 13.5 7.0 5.0 1 6 41 
Gautier 
Marberger Wolf 7.5 6 4.8 1 5 31.5, 43 
“E-Line” 
Marberger Wolf 9.8 8 6 1 12 31.5, 43 
“E-Line” 
Marberger Wolf 11.5 8.5 8 1 12 31.5, 43 
“E-Line” 
Bichler Wolf 7.5 6 4.8 1 5 31.5, 43 
“E-Line” 
Bichler Wolf 9.8 8 6 1 12 31.5, 43 
“E-Line” 
Bichler Wolf 6.5 4.5 3.3 1 5 31.5, 43 
“E-Line” 


12 o’clock 


12 o’clock 


Fig. 3.1 Orientation can be lost during rotation with semi-rigid ureteroscopy using a fixed camera. 
Air bubbles always indicate 12 o’clock or anterior position (a) semi-rigid ureteroscope at neutral 
position, (b) semi-rigid ureteroscope rotated 180 degrees 
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Fig. 3.2 Fiberoptic vision 
with broken fibers 


operative times and improved visibility with similar stone-free rates compared to 
fiberoptic scopes [8]. As a matter of fact, the quality of vision of fiberoptic flexible 
ureteroscopes is very variable between designers and depends on the number and 
quality of the fiberoptic bundles used for illumination and image transmission. 
Depending on the number of fiberoptic bundles used, a honeycomb effect on the 
screen could be seen. Currently, the manufacturers have increased the number of 
bundles in the instruments, decreasing the honeycomb effect, but these smaller 
fiberoptic bundles may be more prone to breakage, which can lead to loss of image 
quality (Fig. 3.2). Broken fibers not only limit the visibility but also result in costly 
repairs [9]. 

With the advent of digital technology, the quality of vision of digital flexible 
ureteroscopes has improved dramatically compared with the fiberoptic counter- 
parts. Two different imaging chips are used for digital ureteroscopy: charge-coupled 
devices (CCD) and complementary metal oxide semiconductors (CMOS). CCD and 
CMOS image sensors both convert light into electronic signals. The biggest differ- 
ence is that CCD sensors create high-quality images with low noise. CMOS imagers 
tend to be higher in noise, require less energy, process images faster, and are less 
expensive compared to CCD sensors. 

The “chip on the tip” carries the digital signal to the image processor via a single 
wire, where further processing and transmission take place for real-time image 
viewing, eliminating the need of the bulky camera head placed at the eyepiece of 
fiberoptic ureteroscopes. Moreover, most digital ureteroscopes do not need an exter- 
nal light source, thanks to the LED (light-emitting diode) light source at their tip, 
just adjacent to the distal lens, minimizing shadowing and giving the sensation of 
depth of field. These characteristics result in one combined cable instead of two 
cables (camera and light cord). This leads to significant reduction in weight [10] and 
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has ergonomic advantages, which are important during longer procedures where 
minimizing upper limb fatigue becomes fundamental [11]. Importantly, the com- 
bined cord of the digital ureteroscope permits only exclusive use of the respective 
manufacturer's tower, which may be considered a limitation of digital 
ureteroscopes. 

The use of a digital chip at the tip of the instrument makes digital ureteroscopes 
have larger distal tips compared to the fiberoptic counterparts. Moreover, the chip 
on the tip makes digital flexible ureteroscopes less effective in accessing a sharp- 
angled calyx, and they have lesser end-tip deflection compared with the fiberoptic 
scopes [12]. When approaching a difficult lower calyx, it might be better to use a 
fiberoptic flexible ureteroscope and consequently to have it as a part of the endouro- 
logical armamentarium in the operating room (Fig. 3.3). 

Even though all the flexible ureteroscopes are indeed flexible, the newer genera- 
tion has a shaft more rigid than the previous ones and consequently tends to be 
“semi-flexible” in order to negotiate and navigate the upper urinary tract easily and 
more precisely. 

Image flickering, due to the effect of acoustic waves produced during laser litho- 
tripsy on the digital chip, was reduced by amortizing the digital imager with the 
application of shock waves absorbers. This effect can still occur with modern digital 
flexible ureteroscopes when the holmium: YAG laser and the new thulium fiber laser 
are activated near the tip of the instrument. 

Considering that all the flexible ureteroscopes have a 0-degree optic, the so- 
called safety distance in order to avoid the burn back effect of the holmium laser on 
the tip of the instrument is to place the laser fiber 3 mm outside the ureteroscope. 
From a practical point of view, that equates to 4 of the diameter of the screen 
(Fig. 3.4). In this way, the bubble generated when the holmium laser is activated 
never rebounds on the camera of the ureteroscope, protecting it from laser dam- 
ages [13]. 


TIP FLEXIBILITY : 
FIBER OPTIC sesemon DIGITAL! 


Fig. 3.3 End-tip deflection of fiberoptic and digital ureteroscopes 
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Fig. 3.4 Laser fiber 
“safety distance” means 1⁄4 
of the diameter of the 
screen 


% of the DIAMETER 


Olympus K Storz 
URF-P5 & P6; URF-V & V2 Flex-X2 


Fig. 3.5 Flexible ureteroscopes with working channel at 9 o’clock 


All flexible ureteroscopes have one working channel, 3.6 Fr in diameter, except 
the Cobra and the Cobra Vision by Wolf Company that have two working channels. 
The orientation of the working channel is different among the several flexible ure- 
teroscopes available on the market (Fig. 3.5). Some of them have the working chan- 
nel at 3 o’clock, some at 9 o’clock, and others at 6 o’clock (Figs. 3.5, 3.6, and 3.7). 
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WOLF K Storz BSC Pusen 
Viper Flex-XC Lithovue Uscope 


Fig. 3.6 Flexible ureteroscopes with working channel at 3 o’clock 


CIRCOM ACMI DUR-D WOLF COBRA WOLF COBRA VISION 


Fig. 3.7 Flexible ureteroscopes with working channel at 6, 12-2, 6-9 o’clock 


The reason for this variation in orientation of the working channel among the differ- 
ent manufacturers is unknown. Considering that in the right kidney the calices are 
located at 9 o’clock and the gravity is at 3 o’clock, it is better to use the flexible 
ureteroscopes with the working channel at 3 o’clock; for the left kidney, the flexible 
ureteroscopes to choose are those with the working channel at 9 o’clock (Figs. 3.8 
and 3.9). 
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Fig.3.8 Position of RIGHT Kidney 
calices in the right kidney 


Calices Gravity is 
are at 9'00 at 3'00 
Fig. 3.9 Position of LEFT Kidney 
calices in the left kidney 
Gravity is Calices 
at 900 are at 3/00 


Single-Use Ureteroscopes 


As the technology of ureteroscopes advances, durability remains a major concern 
[14]. Due to the high cost and limited durability, the cost-benefit of reusable flexible 
ureteroscopes continues to be the most important factor for initiating and maintain- 
ing endourological surgery programs worldwide. 

Several authors have studied the durability of different instruments reporting a 
wide range in the number of procedures performed before there was a need for 
repair, varying from 5 to 113 [15-17]. Regardless of the manufacturer, the durabil- 
ity of the ureteroscope depends on the overall time of usage, location, size of the 
stone or tumor, use of other devices (ureteral access sheath, laser fiber, basket), 
surgeons’ experience, and the sterilization method used. Furthermore, it has been 
demonstrated that brand-new flexible ureteroscopes are more resistant to damage 
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than devices refurbished by original manufacturer and by outsourced vendors (mean 
of 44 usages vs. 11.1 vs. 6.9, respectively) [18]. Therefore, the cost of maintaining 
an older ureteroscope should be considered in addition to the overall cost of the 
equipment maintenance. 

Therefore, to overcome these concerns, single-use ureteroscopes have been intro- 
duced. Some fiberoptic semi-disposable flexible ureteroscopes have been already 
present on the market since 2010 [19], but the real breakthrough in terms of single- 
use ureteroscopes has started with the introduction of LithoVue by Boston Scientific 
(Marlborough, MA). It is the first commercially available digital, single-use, flexible 
ureteroscope on the market. LithoVue is comparable to other conventional uretero- 
scopes in terms of maneuverability [20, 21], but in terms of quality of vision, it still 
seems to be slightly less than digital reusable flexible ureteroscopes, probably due to 
problems related to over-illumination and dark areas in the field and much more 
impaired visibility in case of bleeding compared with the reusable counterparts. 

Recently, several digital single-use flexible ureteroscopes have been launched on 
the market, but so far, limited data comparing these instruments in terms of quality 
of vision and maneuverability are available [22] (Fig. 3.10). It has been 


Fig. 3.10 Examples of 
single-use digital flexible 
ureteroscopes. (a) 
LithoVue (Boston 
Scientific, Marlborough, 
MA). (b) Uscope (Zhuhai 
Pusen Medical Technology 
Co. Ltd. Zhuhai, 
Guangdong Province, 
China) 
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demonstrated that the use of single-use ureteroscopes may be cost beneficial at cen- 
ters with lower case volume per year, whereas high-volume centers may find reus- 
able ureteroscopes cost-beneficial [23]. 

Regardless the cost per endoscope, selective utilization of single-use uretero- 
scopes in difficult cases, for teaching purposes, and particular situations becomes 
cost-effective because it allows for preservation of costly reusable endoscopes. The 
single-use ureteroscopes completely bypass the process of sterilization, thereby 
saving on cost, time, and labor and moreover avoiding the risk of cross-contamination 
of the instruments. Current recommendations for single-use flexible ureteroscopes 
at our institutions include any case in which damage to a reusable instrument is 
anticipated. Cases such as these include those with large stone burdens (>15 mm, 
greatest dimension) requiring extended lasering times, dependent lower pole stone 
position, need for bilateral upper tract access in a single procedure, antegrade ure- 
teroscopic access, retrograde ureteroscopy through a urinary diversion, or any other 
situation in which significant torque will be applied to the ureteroscope shaft. Not 
surprisingly, it has been anecdotally observed that selective use of single-use ure- 
teroscopes can significantly decrease repair costs of reusable flexible 
ureteroscopes. 


Conclusion 


A wide variety of flexible and semi-rigid ureteroscopes are available. Performance 
characteristics as well as cost will dictate ureteroscope selection. Single-use flexible 
digital ureteroscopes are currently available and may offer cost savings if used 
selectively. 


Robotic Platforms for Ureteroscopy 


Salvatore Buttice, Vincent De Coninck, and Olivier Traxer 


Introduction 


In recent years, urology has been revolutionized by the introduction of robotics, and 
endourology has been no exception. Flexible ureteroscopy (f-URS) has been the 
rising star for endourologists thanks to safe and efficient outcomes and its ability to 
adapt to technological advancements. Due to endourologists’ passion for new tech- 
nology and innovations, development of robotic platforms has been inevitable. 
Two devices have been reported for flexible ureteroscopic stone surgery. The first 
device was developed in 2008; the Sensei Magellan robotic catheter system (Hansen 
Medical, Mountain View, USA), which was originally designed for intracardiac 
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applications by Fred Moll, the inventor of the da Vinci system. In 2012, ELMED 
(Ankara, Turkey) started working on a robot specifically designed for flexible ure- 
teroscopy, called the Avicenna Roboflex. This became the second robotic flexible 
ureteroscopy platform on the market. 


The Sensei Magellan Robotic Catheter System 


The Sensei Magellan system consists of the surgeon console, flexible catheter sys- 
tem, remote manipulation system, and the electronic rack that contains the com- 
puter hardware and power supplies. The robotic flexible catheter system has an 
outer catheter sheath of 12/14 F and an inner guide of 10/12 F. The fiberoptic flex- 
ible ureteroscope that has a diameter of 7.5 F is inserted through the inner catheter 
guide, and the tip of the ureteroscope, which is glued to the inner guide, can be 
remotely manipulated. The outer sheath tip is stabilized at the ureteropelvic Junc- 
tion. The guide catheter and the ureteroscope can be deflected up to 270 degrees in 
all directions without compromise by using accessories in the working channel [24]. 

The first robotic f-URS series was reported in 18 patients by Desai et al. after 
performing appropriate software modifications [25]. Although the results of this 
study were encouraging due to successfully accessing 98% of possible calices in a 
porcine model, the fact that the system is not perfectly compatible with f-URS and 
that the ureteroscope is only passively manipulated, the Sensei Magellan flexible 
ureteroscopy proJect was discontinued. 


The Avicenna Roboflex 


The concept of the Avicenna Roboflex hasn’t changed significantly from the proto- 
type to the latest version, which is operated by a surgeon’s console and a manipula- 
tion arm for the flexible ureteroscope (Fig. 3.11). In the first version, the console 
consisted of an adjustable seat where the urologist could utilize two different joy- 
sticks to control the endoscope. The right joystick permitted tip deflection as in a 
standard f-URS, while the left joystick allowed rotation, advancement, and retrac- 
tion of the endoscope. The direction of deflection (upward, downward) was adjust- 
able between the United States (steering lever toward the surgeon results in 
downward deflection of the tip) and the European version (steering lever toward the 
surgeon results in upward deflection of the tip). The controls allowed four functions: 
adaptation to the US or European mode, change of the speed of rotation and 
advancement, advancement and retraction of the laser fiber, and adjustment of the 
irrigation flow rate. The pedals controlled the fluoroscopy and the laser generator. 
The insertion of the endoscope needed a ureteral access sheath to be in place. Small 
motors moved the tip of the endoscope and allowed it to perform basic movements 
inside the ureteral access sheath. The height of the manipulation arm was also 
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Fig.3.11 (a)Avicenna Roboflex Platform (ELMED, Ankara, Turkey). Room set-up demonstrates 
surgeon’s console (far left) with manipulation arm (black star). (b) Surgeon’s console includes left 
joystick (black arrow), which allows for rotation as well as advancement and retraction, while the 
right joystick (white arrow) allows for bilateral tip deflection of the flexible ureteroscope. (c) 
Console also controls advancement of laser fiber and control of irrigation flow. (d) Foot pedal 
controls allow for activation of the laser and fluoroscopy. (e) The robotic manipulation arm is 
designed to hold any model of flexible ureteroscope since interchangeable endoscope holders are 
available. The most distal portion of the arm is designed to stabilize a ureteral access sheath. (f) 
The height of the manipulation arm is adjustable (black arrow) to accommodate unique 
patient anatomy 
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adjustable according to the patient's anatomy. The endoscope was attached to the 
arm and further stabilized by two brackets, while the distal stabilizer fixed the ure- 
teral access sheath. The arm permitted the use of any type of flexible ureteroscope, 
and the robotic arm could be rotated 210° in each direction to allow overlap. Small 
rotators moved the steering lever for deflection and enabled precise movements of 
the strine-based tip of the endoscope. The applied forces were limited to 1 N/mm2 
to minimize the risk of injury to the collecting system as well as to the endoscope. 
Additionally, the arm provided a system for advancement of the laser fiber, which 
was connected to the working channel of the flexible ureteroscope. 

Comparatively, the latest version of the Avicenna Roboflex has a new inter- 
changeable endoscope holder system so that it is compatible with the different 
brands and models of flexible ureteroscopes on the market. There is a new deflec- 
tion right handle with a thumb wheel, which can also be adjusted from the console 
as well as a new right handle to control the rotation and two-stage speed control for 
forward/backward movements. Precision or scale of the rotation is selectable from 
the touch screen as well. Additionally, the model has a new foot pedal unit to control 
any type of laser or fluoroscopy foot pedals and allows visual guidance on the screen 
of the video monitor to realize the position of the flexible ureteroscope (horizontal 
distance, rotation angle, and deflection part 3D simulation and angle). 

The irrigation system has also changed throughout the various versions [26]. In 
the first one, it was operated by a 25-speed mechanical pump, whereas in the latest 
version (the fourth), the irrigation system is controlled by a 12-speed mechanical 
pump and can be attached to a regular rod for gravitational irrigation. This pump is 
powered electronically and has two small rotors in the front connected to an infu- 
sion tube that is compatible with others on the market or with the included piece 
itself. The system is connected to a console with four buttons: one to start and stop, 
one to increase, another to decrease the flow, and another to flush. The “flush” 
allows a rapid increase in flow for about 1 second and is different from other 
mechanical systems that permit a saline adjustment. The flush can be operated 
approximately every 2 seconds after it has been activated; a refractory time that var- 
ies from 1.5 to 2 seconds by switching from low to high speed. 

There is limited published experience on the Avicenna Roboflex available in the 
literature. The first study by Saglam et al. demonstrated complete stone disintegra- 
tion in 79 out of 81 patients with mean stone volume of 1296 mm} [27]. According 
to a validated questionnaire rating 12 different domains of ergonomics, all seven 
participating surgeons reported a significant ergonomic advantage (p < 0.01) with 
the robotic platform. The second study was performed by Geavlete et al. on 132 
randomized patients who underwent conventional f-URS (66 cases) versus robotic 
f-URS (another 66 cases) [28]. They showed that treatment time was relatively 
similar between the two types of procedures, while fragmentation time of the stone 
was somewhat better for robotic f-URS. The stone-free rate after 3 months was 
89.4% for conventional f-URS and 92.4% for robotic f-URS — a slight improve- 
ment. The acquisition of basic skills with the robot was also compared by Proietti 
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et al. in another study, which tested how subjects with no prior surgical training 
were able to acquire basic ureteroscopic skills with and without robotic f-URS in 
the K-box simulator [29]. The study divided medical students into two groups: 
Group 1 was trained with Avicenna Roboflex, and Group 2 was trained with con- 
ventional flexible ureteroscopy. Participants were then rated by a third party on 
their ability to perform (or not) two exercises in light of the time for each proce- 
dure. Participants were also evaluated on the quality of their performance along the 
following parameters: respect of the surrounding environment, flow of the opera- 
tion, orientation, vision centering, and stability. The first exercise was completed 
by only three out of five students in Group 1 and by four out of five students in 
Group 2. Stability with the scope was significantly more accurate in the first group 
compared to that of the second (P = 0.02), but there were no differences in timing, 
flow, or orientation between the two groups. Although not significant, a tendency 
to respect the surrounding tissue and maintain centered vision was perceived more 
frequently in the first group. As for the second exercise, there were no differences 
between groups in orientation, flow, respect for the surrounding tissue, stability, or 
the ability to maintain centered vision. The second group tended to perform the 
exercise faster, albeit not to a significant extent. Concerning X-ray exposure to the 
operator, there are no studies showing any benefits of the Avicenna Roboflex, but 
it is unquestionable that the surgeon sits on the console far away from the fluoros- 
copy unit, reducing the risk of radiation exposure. Finally, the latest study pub- 
lished on robotic-assisted f-URS with Avicenna Roboflex illustrates the most 
robust experience of its clinical use. In a consecutive series of 240 patients with 
renal stones with an average stone load of 1798 mm’, Klein et al. demonstrated 
non-inferiority compared to published conventional series of f-URS in terms of 
OR time, stone-free rate, re-treatment rate, and complications [30]. There was a 
1% technical failure rate of the robotic system, which was circumvented with con- 
ventional f-URS when needed. The study concluded that the robotic system may 
help further push the limit of flexible ureteroscopy in terms of treating medium to 
large stone burdens, mostly due to alleviating unfavorable ergonomics for the 
treating surgeon. 

There remain some limitations on the use of Avicenna Roboflex. The first is not 
having tactile feedback for the surgeon while handling the ureteroscope. Another 
issue is the cost of the system. It is logical that the use of this device is much more 
expensive than a standard flexible ureteroscope. Even the operating room must be 
suitable in terms of size to accommodate the robot, and a dedicated technician or 
another urologist is required to cooperate in assembling the device. 

Technology has always been exciting for urologists and has a prominent place 
at the heart of urological practice. From the studies and results we have seen so 
far, it appears that the Avicenna Roboflex is a promising platform for 
f-URS. Currently available reports seem encouraging and demonstrate a potential 
improvement for the surgeon in terms of ergonomics and less exposure to radia- 
tion. For patients, stone disintegration and the stone-free rate also saw some minor 
improvements. 
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Conclusions 


Robotic-assisted flexible ureteroscopy has been available for almost 10 years, and 
limited published experience is available. The current platforms seem most benefi- 
cial in making the ergonomic situation better for the treating surgeon and can poten- 
tially reduce radiation exposure as well. Patient outcomes seem to be equivalent to 
that of conventional flexible ureteroscopy for medium to large stone volumes. 
Robotic platforms can help push the limit of conventional flexible ureteroscopy in 
terms of comfortably treating larger stone burdens, but currently cost is a barrier to 
widespread acceptance. Future robotic designs will attempt to enhance access 
within the luminal collecting system beyond what current flexible ureteroscopic 
technology offers. 


Guidewires 


Jan Brachlow, Etienne Xavier Keller, and Olivier Traxer 


Introduction 


Guidewires were initially developed for the percutaneous placement of central 
venous catheters over 60 years ago [31]. Since the development of Seldinger tech- 
nique, guidewires have undergone significant improvements with stiffer shafts [32] 
and flexible hydrophilic tips and have been used in endourological applications 
since the 1970s [33, 34|. Since then, the placement of a guidewire is an essential 
step in endourological procedures involving the upper urinary tract. The wire main- 
tains the access to the upper tract during the procedure and facilitates immediate 
drain placement in case of ureteric or collecting system injury, such as ureteral 
perforation or excessive bleeding. In this chapter we will describe the existing types 
of guidewires and the materials of which they are composed and discuss their 
advantages and possible disadvantages. 


Size and Tip Design 


There are different types of guidewires with various tip shapes and materials. The 
specific design for each wire is made for different clinical scenarios. Clayman et al. 
compared structural properties of various guidewires on the market and showed that 
those wires with soft, hydrophilic tips are least likely to perforate the ureter and 
most likely to bend around a point of obstruction. Meanwhile, super-stiff wires are 
least likely to slip out of the ureter and allow for most reliable placement of access 
sheaths, since they are least likely to buckle [35]. 
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The standard wire length for endourological application is 150 cm, but versions 
up to 180 cm long are available. If the wire is shorter than 150 cm, the potential for 
inability to pass a flexible ureteroscope becomes higher, and one can lose access to 
the upper urinary tract. The standard guidewire diameters are 0.035 and 0.038 inch 
(2.7 F and 2.9 F; 0.89 mm and 0.97 mm). Thinner diameter versions exist at 0.025 
inch (1.9 F; 0.64 mm). The design of the tip exists in three different shapes: straight, 
angled, and J-type. 

In daily endourological practice, the straight tip is used most frequently. For 
special situations like difficult access to the ureteral orifice, the angled tip can be 
used. Both angled tips and J-type tips are useful to bypass impacted ureteral calculi 
or a tortuous ureter [36]. The distal tip of all types should be soft and flexible so as 
to minimize ureteral perforations or abrasions. The wire tips are often soft on only 
one end and frequently quite stiff on the opposite end. As the responsible surgeon, 
it is always wise to check the character of the tip of the wire prior to insertion into 
the ureter or ureteroscope (Fig. 3.12). Inserting the stiff end of a guidewire can eas- 
ily result in ureteral perforation or damage to the working channel of a flexible 
ureteroscope, leading to failure of leak testing and costly endoscope repairs, which 
would otherwise be avoidable. Wires with double floppy-tip designs are ideal for 
placing flexible ureteroscopes when advancement up the ureter is challenging given 
ureteral narrowing or tortuosity. The double floppy-tip design helps protect against 
working channel perforations. 


Fig. 3.12 (a) Note the soft flexible tip of this 0.038-inch PTFE wire against the surgeon’s finger. 
(b) The opposite tip of the same wire is very stiff and would easily perforate the ureteral wall or 
ureteroscope working channel 
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Guidewires have two components: an inner core, which is responsible for the inner 
stiffness, and an outer coating, which is responsible for the interface lubricity. Both 
of these factors need to be considered when placing drains or endoscopes over a 
guidewire. The inner core can be made out of stainless steel or of nitinol (a metal 
alloy of nickel and titanium). The newest product for inner cores is Triton alloy, 
which is a “next-generation” form of nitinol with a higher bending modulus. A 
stiffer shaft is very useful for straightening a kinked ureter (Fig. 3.13) or when pass- 
ing retrograde ureteral drains in a patient with a tortuous urinary diversion such as 
an ileal conduit. 

As for coating materials, there are three different substances: PTFE (polytetra- 
fluorethylene or Teflon), hydrophilic polymer, and slip coat. Their main goal is to 
decrease the friction between the wire and the instrument or the tissue. All hydro- 
philic guidewires have to be lubricated with sterile water or saline during the inter- 
vention (Fig. 3.14). In order to minimize friction or “drag,” a hydrophilic wire is 
necessary when placing a silicon stent. Despite this advantage, a potential downside 
to hydrophilic wires is a tendency for them to slip out of the ureter. Therefore some 
surgeons prefer not to use them as safety wires. Hybrid wires have been developed 
to address this issue. Hybrid wires combine the advantageous properties of indi- 
vidual wires into one wire that has a hydrophilic flexible tip to enhance access and 
a stiffer PTFE-coated shaft over a nitinol core to reduce wire slippage (Fig. 3.15). 
Many have suggested that a hybrid wire is the best first choice guidewire to access 
the ureter from below, as it minimizes the need to open a second wire given its ben- 
eficial structural properties. Furthermore, hybrid wires have been purported to sim- 
plify equipment choice for operating room staff and urologist alike, thus decreasing 
the need to maintain a large inventory of wires [37]. Given the relatively greater 
expense compared to some other wires, exclusive use of hybrid wires for every case 
may not be a cost-effective option. 


Should Safety Wires Still Be Used? 


In recent years there has been an on-going debate whether a safety guidewire (SG) 
should routinely be used in endourological procedures or not [38-41]. SG is recom- 
mended in the AUA and EAU guidelines [42, 43] based on experience and expert 
opinions rather than level | evidence. The clear advantage of a SG during retrograde 
ureteroscopy is that it enables immediate drain placement if any worrisome viola- 
tion of the ureteral mucosa or muscular wall is encountered or if significant bleeding 
is present and prevents completion of the operative case. In most of these situations, 
stent placement allows for safe termination of the case and allows for adequate 
drainage and avoidance of serious infection. Eventual return for a potential second- 
stage procedure is then possible. 
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Fig. 3.13 (a) Retrograde pyelogram shows a chronically dilated ureter with multiple tortuosities. 
(b) A super-stiff glidewire is hydrophilic at the tip and along the shaft, allowing for negotiation of 
ureteral tortuosities. (c) Retrograde ureteral catheter aids in stabilization. (d) Further advancement 
of the super-stiff wire shaft straightens the ureter 
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Fig. 3.14 Hydrophilic 
wires require adequate 
application of sterile saline 
or water to maximize 
lubricity 


Fig. 3.15 (a) Hybrid wire with flexible hydrophilic tip to enhance access around upper urinary 
tract obstructions, while (b) PTFE-coated shaft reduces slippage of safety wire 
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With experience however, some groups have pointed out potential disadvantages 
of the routine use of a SG. Eandi et al. demonstrated in a porcine model that there 
was an increased amount of force required to place either a semi-rigid or flexible 
ureteroscope alongside an existing guidewire [44]. In a separate study, Ulvik et al. 
showed a statistically significant increase of 52%-113% for advancement and 
retraction forces during endoscopic treatment with a SG [45]. Clearly, situations 
exist in which retrograde access to the kidney is limited or not possible when trying 
to pass a ureteroscope alongside a safety wire, validating the observations of these 
two studies. In such cases, the surgeon may consider the slimmest available safety 
wire, such as a 0.025-inch wire. Alternatively, the ureteroscope can be passed to the 
level of the kidney without a SG. In the absence of active ureteral pathology, when 
the goal is to treat stone or tumor in the kidney, it is reasonable to forego a SG in 
order to obtain retrograde access. In this manner, the ureteroscope acts as the “safety 
device.” In a series of 268 retrograde ureteroscopies for renal stone treatment, Patel 
et al. demonstrated safe procedure performance without the use of a SG. Guidewires 
were used for initial access only. For larger stones, ureteral access sheathes were 
utilized, and relatively smaller stones were refined to dust. There were no ureteral 
perforations or avulsions. The authors conceded that SGs should be utilized in the 
treatment of ureteral stones, any situation in which stone fragments will be removed 
with a basket, incisional procedures such as endopyelotomies, in patients with 
abnormal anatomy, and any situation in which the ureter requires dilation [46]. 
Dickstein et al. reported similar results in a consecutive series of 305 patients treated 
with retrograde ureteroscopy for stones and also had success without the use of a 
routine SG. In addition to criteria listed by Patel et al., they added situations in 
which SG placement is prudent including cases with encrusted ureteral stents and 
those patients with urinary diversions [39]. 

Therefore, experience has shown that safety wires can be omitted in some care- 
fully selected cases, particularly in the treatment of relatively low stone burdens 
confined to the kidney, when there is no intention to extract fragments with a basket. 
However, in the opinion of the authors, safety wire use in retrograde ureteroscopy 
should always be considered as the “default mode,” especially if the wire does not 
limit initial access to the kidney or impair visualization. Safety wire utilization 1s 
very much like a seat belt: it may be useful only once in your lifetime, and at that 
time, you will never regret to always have used it [47]. 


Conclusion 


Guidewires are essential tools in the armamentarium of the advanced ureterosco- 
pist. They provide access to the upper urinary tract and allow for expeditious drain 
placement when necessary. Guidewires vary in the shape and composition of their 
tips as well as shafts. Knowledge of specific nuances will empower the surgeon to 
make optimal choices to maximize case safety and success. The use of safety wires 
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should always be encouraged although it is not unreasonable to omit them in very 
carefully selected cases. 


Ureteral Access Sheaths 


Vincent De Coninck, Etienne Xavier Keller, and Olivier Traxer 


Introduction 


Retrograde intrarenal surgery has undergone many technological advances during 
the past three decades. The development of flexible ureteroscopes, laser lithotripters, 
and instruments like ureteral access sheaths (UASs) has expanded our ability to treat 
pathologies of the upper urinary tract. The UAS was developed in 1974 by Hisao 
Takayasu and Yoshio Aso to facilitate the insertion of their completely passive flex- 
ible ureteroscope in the ureter [48]. Afterward, UASs were developed with a kink- 
resistant and streamlined design. Currently, they consist of an inner dilator that is 
fixed to an outer sheath with a locking hub. It allows a fluent introduction of the 
UAS over a guidewire in the ureter under fluoroscopic control and to perform a 
retrograde ureteropyelography through the dilator after introduction. 


Characteristics/Specifications 


UASs are produced with multiple specifications. They differ in diameter, length, 
material, stiffness, radiopaque marker, and dilator design (straight or articulated, 
single or dual lumen, axial or radial dilating system). To minimize friction with tis- 
sue during insertion, they all have a hydrophilic coating of the outer surface [49]. 
Some UASs are produced with a slit and a notch in the exposed part of the dilator, 
allowing the use of a single working wire as a safety guidewire [50, 51]. This may 
save material costs and operative time [52]. 

Of the above specifications, choosing UAS length and diameter will influence 
the success of the case, if the goals are to save time and maximize the stone-free 
rate. Ideal UAS length is long enough to allow for the sheath to traverse the majority 
of the ureter in order to facilitate reinsertions and withdrawals, but not too long as 
to limit maneuverability (Fig. 3.16). Selection of UAS diameter will depend on the 
exact model of flexible ureteroscope being used. A useful generalization is that the 
cross-sectional size of a sheath will require about 2F for the wall and an additional 
1—3F for the ureteroscope to be able to clear the inner sheath diameter [53]. A sheath 
that measures 12F inner diameter and 14F outer diameter (12/14F) will accommo- 
date almost any contemporary flexible ureteroscope [54]. Smaller diameter sheaths 
can be utilized with slimmer flexible ureteroscopes, but it is essential for the 
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Fig. 3.16 (a) Black arrow points to the radio-opaque marker on the proximal end of the ureteral 
access sheath, Just above the ureteropelvic Junction. Mobility of the flexible ureteroscope is com- 
promised with over-advancement of the sheath, in this particular collecting system morphology. 
(b) White arrow shows the radio-opaque marker of the access sheath has been moved more distally 
into the proximal ureter which now allows full deflection into the dependent lower pole calyx. (c) 
Excess ureteral access sheath length can result in placement of the sheath introducer (white arrow) 
relatively farther away from the patient’s urethra, therefore compromising maneuverability of the 
flexible ureteroscope. (d) When appropriate ureteral access sheath length is selected, the introducer 
is in very close proximity to the patient’s urethral meatus, which maximizes the surgeon’s ability 
to maneuver the flexible ureteroscope and is ergonomically favorable 
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advanced ureteroscopist to appreciate the specifications of both in order to maxi- 
mize successful outcomes. 


Impact on Multiple Instrument Reinsertions and Withdrawals 


It is commonly cited that a UAS facilitates multiple withdrawals and reinsertions of 
a ureteroscope into the upper urinary tract. However, a ureteroscope can also be 
backloaded over a working guidewire under fluoroscopic control or alongside a 
safety guidewire. It remains controversial if using a UAS for this reason is cost- and 
time-efficient [55, 56], although for larger stone volumes requiring multiple passes, 
UAS use is likely to be beneficial. 


Impact on Irrigation and Intrarenal Pressure 


Using a UAS increases irrigation flow by 35% to 80% compared to an unsheathed 
ureteroscope [57]. Outflow increases with wider UAS diameters in case of an empty 
ureteroscope working channel. However, this is not the case when the working 
channel is occupied [58, 59]. 

Ideally, intrarenal pressure should be kept below 40 cm H,O (or 30 mmHg) dur- 
ing ureteroscopy to prevent complications like bleeding, hematoma, urinoma, sep- 
sis, and post-operative pain. This can be achieved by using a UAS that lowers 
irrigation pressure to the renal pelvis and parenchyma by increasing outflow [60]. 
Using a 10/12 Fr or 12/14 Fr UAS will keep intrapelvic pressures below 30 and 20 
cmH,0 (or 22 and 15 mmHg), respectively, even when applying forced irrigation 
pressures of 200 cm H,O (or 147 mmHg) [57]. Since intrarenal pressure depends on 
inflow and outflow, the lowest intrarenal pressures are acquired using a small-sized 
flexible ureteroscope [58] (Fig. 3.17). 

When the tip of the ureteroscope and UAS are close to each other, the lowest 
pressure and highest inflow and outflow are observed. Because of this, UAS’s length 
should be chosen based on the ureteral length and location of the pathology [57]. 


Impact on Stone-Free Rate 


It is unclear if using a UAS or not influences stone-free rates. Some authors found 
increased stone-free rates, and others did not [55, 56, 61, 62]. A limitation of these 
studies is that stone-free rates were not determined by a computerized tomography 
in most patients. 
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UAS’s Insertion Success Rate 


Primary insertion of a UAS is not always possible since its outer diameter varies 
between 11.5 and 18 Fr, whereas the diameter of a native ureter is approximately 6 
to 9 Fr [63]. Pre-stenting will facilitate UAS insertion and reduce ureteral injuries 
[64]. Failure from UAS insertion decreases from 16-42% to 0-12% in pre-stented 
patients [65-67]. Alternatively, the ureter can be dilated actively by using the inner 
UAS dilator, a semi-rigid ureteroscope, serial coaxial tapered dilators, or a balloon 
dilator [61, 65, 67-69]. Currently, the risk of long-term ureteral damage between 
active and passive dilation remains unclear. 


The Impact on Ureteroscope Durability 


Some authors mention that using a UAS protects and reduces the strain on flexible 
ureteroscopes. Others report that it may damage the ureteroscope at the interface 
between the deflecting tip and the extremity of the UAS. Currently, it is unclear if 
using a UAS influences ureteroscope durability or not [15, 70, 71]. 


Coagulopathy 


It is unclear if UAS should be recommended in patients under continuous antico- 
agulation/antiplatelet therapy or with uncorrected bleeding diatheses. Some prefer 
not using a UAS since damaging the ureteral wall during insertion may provoke 
bleeding, and spontaneous hemorrhage of the urothelium is rare when working at 
intrapelvic pressures below 40 cm H,O. Others prefer to use one, based on one 
study in which no more hemorrhagic complications were encountered using a UAS 
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Fig. 3.17 Digital flexible ureteroscopes inside UASs of 10/12 Fr and 12/14 Fr. Larger sheath 
diameter allows better irrigation movement along the ureteroscope and the ability to remove larger 
resultant fragments 
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in patients taking anticoagulants [72]. However, safety and complications were not 
a primary endpoint in this study. 


Children 


It is unclear if using a UAS should be recommended during retrograde intrarenal 
surgery in children or not. Some authors noticed increased complications (ureteral 
perforation, stent migration), and others did not [73, 74]. An argument for not using 
a UAS may be the significant levels of ionizing radiation required during sheath 
insertion [75]. 


Complications 


The influence of using a UAS on ureteral damage is generally underreported. UASs 
provoke ureteral wall injuries visualized during ureteroscopy in up to half of 
patients. The risk decreases when using smaller diameter UASSs or in pre-stented 
patients [64, 76, 77]. In one study, there was no long-term correlation between using 
a UAS and ureteral stricture formation [78]. 

In a prospective study over a 1-year period, Traxer et al. found a decrease of 
infectious complications (fever, urinary tract infection, sepsis) when a UAS was 
used. The decreased intrapelvic pressure may explain this when a UAS is applied 
[56]. The effect a UAS has on diminishing post-operative pain remains controver- 
sial [55, 79]. 


Guideline Recommendations 


The guidelines of the American Urological Association recommend using a UAS 
for lengthy procedures with prolonged high intrarenal pressures since this increases 
the risk of hemorrhage and infections. The guidelines of the European Association 
of Urology (EAU), Société Internationale d’ Urologie, and International Consultation 
on Urology Disease state that its use should depend on surgeon’s preference. 


Conclusions 


Using a UAS increases irrigation outflow during retrograde intrarenal surgery and 
decreases intrapelvic pressure and infectious complications. Data are controversial 
about its cost-effectiveness, impact on stone-free rates, ureteroscope durability, 
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post-operative pain, and ureteral strictures. Therefore, inserting a UAS should not 
be an automatic step when performing flexible ureteroscopy but should be consid- 
ered on a case-specific basis. 


Stone Retrieval Devices 


Kymora B. Scotland, Bree'ava Limbrick, and Demetrius H. Bagley 


Introduction 


Evolution in the endoscopic treatment and management of urinary lithiasis has been 
aided by the development of stone extraction devices. Ureteroscopes alone without 
a working channel or working instruments can function only as a visual diagnostic 
instrument. The addition of a channel that can accept instruments, such as endo- 
scopic lithotriptors, laser fibers, electrodes, and stone or tissue retrieval devices, 
offers therapeutic options. The sizes of the channel and the working instruments 
must be compatible. The combination of endoscope and working instrument forms 
a useful diagnostic and therapeutic device. 

Many of the devices presently available have been downsized from those used 
cystoscopically. Since they must pass through the generally standard channel of 
3.6 F, they must be 3 F or less to leave room for irrigant. Some are available in 
designs as small as 1.3 F. Additionally, there are many specifically designed for the 
size and purpose of ureteroscopic use. 

The vast majority of ureteroscopic retrieval devices consist of an inner movable 
component composed of metal and an outer flexible plastic sheath, which contains 
the expandable components. The metal, which has long been the standard for the 
inner component, is stainless steel. It is strong, flexible, and relatively inexpensive, 
but it can kink. 

Nitinol is an alloy of nickel and titanium, characterized by shape memory and 
super-elasticity. It can be deformed, even repetitively, and return to its original 
shape. In this way it does not kink, but it is more expensive than stainless steel. 
These characteristics have explosively expanded the designs and applications for 
endoscopic working instruments. 

The wires composing the internal metal components are generally round in cross 
section. Other cross-sectional designs include flat or rectangular, triangular, 
D-shaped, and concave. These confer specific attributes related to function and size. 

The sheath of the instrument contains the moving core components and com- 
presses the expansive portions. It requires strength, both radial and compressive; 
flexibility; and low friction with the metal components and the working channel of 
the endoscope. The two main sheathing materials are polytetrafluoroethylene 
(PTFE) or Teflon and polyimide. PTFE is very slippery and flexible but not as 
strong, thus requiring a larger diameter for similar central components. Polyimide is 
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stronger and therefore can be smaller. It has a higher coefficient of friction and may 
require coating to function smoothly. It is also relatively more expensive. 

Some devices, so-called non-retracting instruments, have a double-layered or 
coaxial sheath, the inner of which retracts to open the contained metal component. 
The grasper or basket itself does not move during opening or closing and requires 
compensatory movement for initial positioning. In a few specific instruments, a 
wrapped wire sheath has been employed. It is less flexible but considerably stronger 
than the plastic materials. 


Baskets 


Stone basket technology has evolved to improve the efficacy in the approaches for 
renal and ureteral stone retrieval. Contemporary stone basket designs range from 
simple to complex wire compositions allowing for different grasping strategies. 
With the many options available, urologists can tailor their choice of basket based 
on the specific size, number, and location of stones within the urinary system. 


Historical Development 


Stone retrieval baskets were originally designed for use through a cystoscope to 
reach and engage stones blindly within the ureter. Early devices include the council 
extractor, first described in 1926, as well as the Johnson extractor [80, 81]. These 
were both multiple-wire configurations mounted on a shaft, which was inserted into 
the ureter. It was claimed that the basket could both dilate the ureter and entrap the 
stone. X-ray guidance was useful to enable the localization, positioning of the bas- 
ket, and extraction of the ureteral calculus. Because of the large size of the device, 
it was often necessary to dilate the ureter prior to placement. Additionally, because 
there were no devices available at the time for stone fragmentation, it was often not 
possible to remove larger renal and ureteral calculi, and there was a real risk of ure- 
teral injury or of having to convert to open ureterolithotomy or to use a weight on 
the basket to extract over several hours [82]. 

These problems persisted with the introduction of the Dormia basket described 
in 1958 [83]. This was the first extractor device composed of four wires with a heli- 
cal configuration contained in a flexible hollow stem for insertion. The tip could be 
short or with a longer filiform to maintain its position above the stone. The inner, 
basket portion was advanced beyond the sheath to allow the basket to open, both to 
dilate the ureter and engage the stone. It could be opened above or adjacent to the 
stone and rotated for engagement. In 1973 Pfister and Schwartz described a basket 
with six helical wires composed of a cobalt-nickel-chromium alloy contained in a 
3.6 F Teflon sheath [84]. Both of these devices were best used with radiologic guid- 
ance, but still the disproportion between the size of the stone and the ureter could 
not be determined accurately. One of the major disastrous complications was 
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ureteral avulsion [85, 86] (see Chap. 10). Although the recognized complications 
stimulated attempts to design safer baskets, the Dormia helical model with round 
wires formed a structural foundation that is still commonly used today. 

In 1976, a percutaneous approach to renal calculi was described [87]. The Segura 
stainless steel basket (Boston Scientific Corporation, MA), the first flat wire design, 
was developed in the 1980s, specifically to engage renal pelvic and calyceal stones 
in a percutaneous fashion. It was constructed with four flat wires, which could be 
expanded to grasp a stone. It offered a larger unobstructed area between the wires 
than the helical models (Fig. 3.18). These baskets have also been used to biopsy 
urothelial tumors, providing a better sample than forceps or other devices with 
round wires (see Chap. 6: “Diagnosis of Upper Tract Urothelial Carcinoma”). The 
basket has a tip preventing safe use in the renal calyx because of the risk of trauma 
to the papilla. Since it is composed of stainless steel, it can kink, thus trapping the 
stone although this has been lessened with changing to a wire with a D-shaped cross 
section. 

It was the advent of ureteroscopes with their ability to visualize ureteral or renal 
calculi within the urinary tract that necessitated and facilitated the development of 
contemporary stone retrieval devices. These endoscopes also required even smaller 
devices to fit through the working channels. The introduction and application of 
flexible ureteroscopes required smaller, longer, and more flexible retrieval devices 
with other specific features. 


Fig. 3.18 (a) Stainless steel flat wire basket. (b) Close-up view shows the flat, ribbon-like shape 
of the basket wire, ideal for biopsy of luminal neoplasms 
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The introduction of nitinol into the medical device inventory has been one of the 
most important advances in technology. As noted above, nitinol is an alloy of nickel 
and titanium possessing the properties of flexibility and shape memory, which have 
been carried into medical devices. 

D'A. Honey described a four-wire basket, which truly had no tip [88]. The two 
loops forming the wire were joined at the tip by tying a knot, a design only possible 
with nitinol (Fig. 3.19). This basket, initially available as 3 F, exhibits the character- 
istics of nitinol wires. In addition to being tipless, it is flexible, non-kinking, dura- 
ble, and capable of releasing stones. Similar concepts have extended this basket to 
as small as 1.3 F. 

Numerous studies have demonstrated the functional superiority of baskets of this 
design using in vitro studies throughout the urinary tract. These studies have coun- 
tered many of the earlier beliefs regarding essential design features of baskets. The 
soft flexible wires of the basket have been very effective in manipulating around 
even impacted ureteral stones and have demonstrated that dilating force is not an 
essential feature. Under direct vision, a filiform tip is not essential and in fact is even 
detrimental for placement of a basket. The smooth and flexible form of the four- 
wire basket fits well into the calyx without perforating the mucosa [89, 90]. 


Fig. 3.19 (a) Tipless nitinol basket design. (b) Close-up view shows the “nitinol knot” allowing 
for the “tipless” design 
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One of the greatest benefits of the nitinol’s four-wire basket is the ability to dis- 
engage a stone. The basket can usually be advanced away from the ureteroscope to 
remove the wires from a stone by folding them away from the surface. This is not 
possible with a stainless steel basket since the wires tend to kink if they are sharply 
angled. It is also not possible with the helical design of a Dormia basket in which 
the wires cross the stone at an angle [91]. This technique of engaging and disengag- 
ing a stone was enhanced with the dimension basket (CR Bard, USA), which has a 
mechanism to deflect the wires of the basket in opposite directions in the same plane 
to effectively widen the space between the wires on one side [92] (Fig. 3.20). 


T 
f 


Fig. 3.20 (a) Articulating tipless nitinol basket. Dimension basket (BD, Franklin Lakes, NJ). (b) 
The dial on the basket handle (black arrow) allows for articulation of the basket opening. (c and d) 
The wires of the basket can be articulated to the left or right in order to provide an exaggerated 
opening for stone retrieval or release 
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Numerous baskets have been designed with multiple wires. Some have multiple 
wires in the distal portion and a single strand on each side more proximally, similar 
to fingers attached to a wrist and distal arm. These baskets can trap smaller frag- 
ments but with the risk of reforming a large stone when multiple fragments are 
grasped. They have also been shown to be slower to retrieve a stone compared to 
other simpler designs [93]. 


Forward Grasping Devices 


Often the target to be removed is located directly in front of the endoscope. Examples 
include a stone fragment in a calyx, a foreign body such as a proximally located 
ureteral stent, or piece of a stent, basket, or laser fiber. These may be difficult to 
engage with the more standard baskets and call for other specific retrieval devices. 

Standard helical or flat wire baskets made of stainless steel can be difficult or 
even dangerous for grasping within a calyx. The widest opening between the wires 
is located significantly proximally from the tip. They are also stiffer and tend to 
perforate the mucosa. The nitinol baskets have minimized these problems since the 
wires are flexible enough to bend against the mucosa, but they can be difficult to 
position accurately. By deflecting, the dimension basket moves the opening and the 
curvature of the wires forming the basket for better positioning. Other devices have 
been designed specifically for forward grasping. 

The simplest and earliest forward grasping devices are the wire-pronged grasp- 
ers. These are designed with multiple fingers or prongs forming the active tip. They 
are compressed as they withdraw into the sheath and separate more widely as they 
are advanced from the tip (Fig. 3.21). Similar but larger models have been used in 
the bladder and for industrial applications. Again to fit within a ureteroscope, a 
much smaller design is needed. Although multiple different numbers of wire prongs 
have been used, the three-pronged design is most common. It was found that it is 
difficult to firmly grasp an object with a two-pronged grasper and the four-pronged 
design is unwieldy with frequent perforation of the ureteral mucosa. Sizes range 
from 1.9 to 3F for ureteroscopic application. 

Forceps have also been employed for a forward grasp. Because of the mechanism 
involved, it is difficult to miniaturize these below 3F. They have been used most 
commonly through rigid ureteroscopes. 

More recent additions have been the forward grasping NGage (Cook Urology, 
Indiana) and Dakota (Boston Scientific, Mass) stone retrieval devices. These have a 
relatively complex appearing design of curved wires with the largest opening at the 
most distal aspect (Fig. 3.22). They function somewhat as a basket but with a for- 
ward grasping capability. A direct in vitro comparison of the two devices showed 
similar durability but some variation in both grasping and releasing characteristics 
[94]. These differences have not been confirmed clinically. 


62 S. Proietti et al. 


Fig. 3.21 (a) Three-pronged grasper in near-closed position. (b) Three-pronged grasper fully 
opened. Note the hook-shaped ends of the grasper wires, which enhance grasp but can snag surface 
mucosa of the urinary tract 


Fig.3.22 Nitinol hybrid 
basket/grasper with 
forward grasping capability 
ideal for calyceal stones. 
Dakota (Boston Scientific, 
Marlborough, MA) and 
NGage (Cook Medical, 
Bloomington IN) 
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Fig. 3.23 (a) LithoVue Empower retrieval deployment device (Boston Scientific, Marlboroueh, 
MA) (white arrow). (b) The Empower (white arrow) couples the flexible ureteroscope to the han- 


dle of a basket or grasper. The surgeon’s index finger controls basket/grasper opening and closing 
while the thumb can deflect the ureteroscope simultaneously as needed 


Retrieval Deployment Device 


The LithoVue Empower (Boston Scientific, Marlborough, MA) is a novel stone 
retrieval device, which allows the surgeon to actively open and close a basket or 
grasper without the aid of an assistant (Fig. 3.23). This allows for a near autono- 
mous process of flexible ureteroscopic maneuvering and stone removal. It is ideal 
for manual removal of large quantities of resultant fragments following uretero- 
scopic lithotripsy. The device has been evaluated and compared to ureteroscopy 
with both an experienced assistant or a naïve, inexperienced assistant, whose task 
was to open and close the grasper. The Empower had performance characteristics 
similar to working with an experienced assistant and not surprisingly performed 
better than working with an inexperienced assistant [95]. It may prove beneficial for 
treating relatively large stone burdens with ureteroscopic laser lithotripsy when 
large quantities of resultant fragments need to be manually extracted, especially in 
the absence of an experienced assistant. 


Antiretropulsion Devices 


One of the risks of early rigid ureteroscopy for calculi was the proximal movement 
of the targeted stone. Without effective flexible ureteroscopes or endoscopic litho- 
trites, the movement of a stone into the lateral or inferior portions of the intrarenal 
collecting system resulted in failure of the procedure. It was attractive to consider a 
device to prevent the retrograde movement of calculi during attempted treatment. 
These remain valuable in situations when flexible endoscopes or other therapeutic 
options are not available. 
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Placement of a balloon catheter within the ureter with inflation of the balloon 
proximal to the stone theoretically could be effective. However the flexibility and 
elasticity of the balloon allowed surprisingly large stones to migrate beyond the bal- 
loon. The only appropriately sized balloons available were the Fogarty embolectomy 
design, which was then prohibitively expensive. Positioning of a stone basket proxi- 
mal to the target stone could be effective in preventing migration of larger fragments. 
However both of these devices occupied precious space within the lumen of the ureter. 

The Stone Cone was the first device designed specifically to prevent proximal 
migration of ureteral stones and fragments during ureteroscopic manipulation and 
lithotripsy [96]. This device has the appearance of a guidewire but is composed of a 
wire within a sheath. The central wire of nitinol moves within the sheath and is 
manipulated to cause the coiled segment to form within the ureter. It can be with- 
drawn into the stiffer portion of the sheath to remove the coil. The coil (7 or 10 mm 
diameter) acts as a barrier to prevent proximal migration of a stone or fragments. 
The device can also be withdrawn with a coil formed to sweep fragments distally 
within the ureter and into the bladder. 

The NTrap is a complex nitinol-woven basket, which can be placed above a ure- 
teral stone to catch mobile fragments and prevent retrograde migration. It also func- 
tions as a basket to collect fragments and retrieve them through the ureter. It has 
been successful in preventing the retrograde movement of stone fragments [97]. 

Another retropulsion prevention device is the accordion, which like the others is 
placed through the ureter and positioned proximal to the ureteral calculus. It is com- 
posed of a band of plastic film mounted along the distal portion of a shaft. It can be 
placed through the ureter and beyond the stone as the film collapses during place- 
ment. The inner wire of the device is withdrawn into the sheathing portion resulting 
in grouping of the film to form a mass structure, not unlike the folds of an accordion. 
It also can function as a sweeping device to remove small fragments as it is withdrawn. 

Each of these three devices has been shown to be effective to prevent proximal 
migration of stones during endoscopic lithotripsy and to improve stone-free rates 
[96-98]. Results have varied regarding time savings, the need for a stent, and post- 
operative symptoms. One study suggested net cost saving with the use of a device 
under certain circumstances [99]. 

Another technique used to obstruct the ureter and prevent stone migration has 
been to inject a semi-solid gel into the ureter proximal to the stone. Water-soluble 
materials, which persist long enough for the lithotripsy, are used. Both lidocaine gel 
and specific thermosensitive gel have been used with reported success [100]. Both 
of these discolor with bleeding and become more difficult to use. 


Basketing Techniques 


There are several steps to consider in using a basket within the ureter. The first is to 
decide which stone to remove by basketing. Stones to avoid include those too large 
to move easily within the ureter, others that are impacted within the ureter, or those 
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that must be moved through an infundibulum or a ureter that is too narrow. Stones 
in these cases must be fragmented before attempts at removal. In contrast, the ideal 
stone to be removed is the one that is small enough to pass through the ureter but 
possibly too large to pass spontaneously. Thus many decisions made involve stones 
measuring 3—4 mm. 

Another important choice is which basket to use. In general, stainless steel bas- 
kets should be avoided for use in the ureter or intrarenal collecting system. Similarly 
helical baskets should be avoided above the distal ureter. No basket should be used 
blindly in the ureter from the level of the bladder. The procedure should always be 
performed through a ureteroscope under direct vision. Therefore only baskets of 3F 
or less can be considered. Narrow-shaft diameter baskets, such as those at 1.9F or 
less, are advantageous for many reasons. Given the slimmer profile, they take up 
less room in the ureteroscopic working channel. This not only allows for better 
irritation and visualization but also allows for the simultaneous placement of a 
200-y laser fiber, if needed, to treat an entrapped stone. Finally, they limit deflection 
of the flexible ureteroscope and may offer an advantage in difficult-to-reach calyces, 
such as those in very dependent lower pole positions. The disadvantages of slimmer 
baskets are (1) being relatively more expensive and (2) may be less durable com- 
pared to wider counterparts. Therefore, they should be used selectively. In general, 
the first choice basket in almost any situation is a 3F or less, four-wire nitinol basket. 
It is useful and safe in nearly every application. 

The wires of the basket are compressed into the sheath by withdrawing the cen- 
tral wire portion with the handle, operated by one hand. The tip of the basket is 
advanced through the channel of the ureteroscope until it enters the field of view. 
The endoscope and device are then positioned to see the stone and so that the largest 
opening of the wires will be adjacent to the stone. It is then manipulated by opening 
and closing or deflecting with the tip of the ureteroscope to encourage the wires to 
pass around the stone. The basket is then closed as it is advanced to maintain the 
position of the stone within the wires. If it is just rapidly closed, then the wires may 
move away from the stone and release it. To extract the stone from the patient, the 
entire unit of stone, basket, and ureteroscope is withdrawn from the urinary tract. 
This movement must be monitored visually through the ureteroscope to be certain 
that the stone and basket are moving within the lumen and not pulling mucosa with 
it. This is the essential step for safely retrieving stones. 

The same type of nitinol basket is the first choice for use within the intrarenal 
collecting system including the calyces. The atraumatic design and the flexible 
wires do not damage the mucosa, and the form of the basket fits into the calyx. 
Again, the widest part should be placed near the stone, and the basket closed to 
maintain the stone within the confines of the wires. If the stone is not located directly 
in front of the channel of the endoscope or within the range of deflection of the flex- 
ible ureteroscope, the basket can be pressed against the wall of the calyx to direct it 
toward the stone. The similar basket with a deflecting mechanism (dimension) can 
do these maneuvers in a similar pattern or has the additional capability of active 
deflection of the basket itself for positioning onto the stone. 
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It may be necessary or desirable to release a calculus from the grasping device. 
Release is performed when repositioning the stone within the kidney is the goal or 
when it is found that the stone is too large to be removed from the ureter. In either 
case, the nitinol basket has properties advantageous for releasing. Within the ureter, 
the basket is opened fully, and the shaft and sheath advanced into the lumen to 
remove the wires from the stone. Within a calyx, the basket is also opened fully, and 
the shaft advanced to roll the wires off the stone. This is usually technically straight- 
forward but may be very difficult if the stone is too large, relative to the maximal 
size of the basket opening. For example, do not try to reposition a 9—-10-mm stone 
within the kidney with a 10-mm basket. It may be engaged but be very difficult to 
release. It is preferable to use a larger diameter basket, such as 16-mm, which can 
open widely to disengage from the stone. 

Some stones, by which their location directly in front of the ureteroscope cannot 
be engaged by a basket, call for other devices as noted above. It is also advantageous 
to use a device, which can easily release a stone. The three-pronged grasper is an 
excellent choice to be used as a retrieval device through a flexible ureteroscope 
throughout the upper urinary tract. It does not hold a stone or other objects as firmly 
as a basket, but that is its major advantage. It is extraordinarily unlikely that it will 
become entrapped. 

Some urologists have noted difficulty using this grasper. As it is opened, the 
wires move forward and must be carefully positioned to avoid moving the stone. 
When the three wires are positioned around the stone, the device is closed. Here 
there is a risk of losing the position as the wires withdraw into the sheath. The 
operator must compensate by advancing the sheath to keep the wires on the stone. 
If the wires catch in the mucosa, they are difficult to remove without causing 
bleeding. 

Another category of forward opening retrieval devices includes the NGage and 
the Dakota baskets. These are circumferentially engaging but open at the end rather 
than the side as conventional baskets. They are constructed of smooth flexible niti- 
nol wires, which do not harm the intrarenal mucosa (Fig. 3.22). They hold stones 
more firmly than wire-pronged graspers but may not release them as easily. The 
Dakota has what has been termed the OpenSure Handle which allows increased 
opening specifically for otherwise entrapped stones. 


Entrapped Basket 


A basket containing a stone may become entrapped in the ureter during withdrawal. 
The first choice in treatment would be to attempt to release the stone from the bas- 
ket. With the simple nitinol wire designs, the shaft/sheath of the basket is advanced 
in an attempt to pass the stone and unroll the wires. If this fails, the basket and stone 
are entrapped and require additional maneuvers. The next step is to try to move the 
stone proximally to a more dilated part of the ureter. The stone should then be 
released and fragmented further. 
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One step, which should be avoided entirely, is to pull harder on the basket. 
Avulsion of the ureter is a disastrous complication, which has occurred with blind 
basketing from the level of the bladder. It should never occur with visual uretero- 
scopic stone retrieval since there are many other options for release of the stone- 
containing basket. 

Further fragmentation in situ can be attempted with the optimal instrumentation. 
If the basket within the channel has an outer dimension of less than 2F, a small 
diameter laser fiber may fit through the channel alongside the basket sheath. It 
should be positioned carefully on the stone and activated to remove the volume of 
stone to free the basket. The holmium laser can easily cut the wire of the basket. 
With a nitinol basket, this will usually free the basket for removal. If cutting the wire 
is done specifically, then it should be cut in the more distal portion to leave less wire 
distally. Nitinol is sufficiently flexible that it should not engage the mucosa. Stainless 
steel can form a fishhook configuration, which may become trapped in the ure- 
teral wall. 

Another option is to remove the ureteroscope leaving the basket and stone in 
place. The handle of the basket must be removed to allow the endoscope to be with- 
drawn, leaving the sheath and basket. On some retrieval devices, the handle can be 
released with a screw or nut mechanism. If this is not available, the handle can be 
freed by cutting the sheath and internal wire mechanism above the handle with scis- 
sors. The ureteroscope is then withdrawn very carefully from the patient, purpose- 
fully leaving the basket in place. The ureteroscope is replaced into the ureter and 
advanced under vision to laser the stone or to cut the basket. When it is impossible 
to see or to advance the ureteroscope, it may be necessary to place another wire into 
the ureter to support passage of the flexible instrument. When the stone is lodged in 
the mid to distal ureter, a rigid/semi-rigid ureteroscope can give better control. 

Another option for release is to dilate the obstructing segment of the ureter. That 
area may be a short band or a longer narrow segment of the ureter. Either can be 
dilated to some degree to permit passage of the stone within the basket. A guidewire 
must be in place to allow passage of any dilator, either a graduated taper or a balloon 
catheter. If there was already a safety wire in place, the ureteroscope can be with- 
drawn over the basket shaft leaving the basket and stone in place. The dilator can 
then be advanced over the safety wire only to the level of the stone. The tapered 
portion of the balloon can be inflated adjacent to the stone, but the cylindrical por- 
tion should definitely not be. Similarly, the graduated dilator should pass only to the 
stone with no attempt to go beyond it. Dilating at the location of the trapped stone 
risks forcing it into and through the wall of the ureter. In general, tapered dilators 
can be used in the mid to distal ureter and a balloon catheter from the mid-ureter 
proximally. 

If there is no safety wire, then the steps above to remove the ureteroscope are 
followed. A double-lumen catheter is then placed over the shaft of the basket to 
introduce the second wire into the ureter for dilator placement. 

If these steps fail, then an antegrade approach may be best. All steps should be 
taken to avoid avulsion of the ureter and to avoid an open procedure if possible. 
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Conclusion 


There is a wide range of ureteroscopic retrieval devices including baskets, graspers, 
and hybrid designs. The introduction of nitinol with its unique properties has made 
complex designs possible. These have rendered earlier rules of design and technique 
obsolete. Baskets do not need great opening strength to function, and releasing 
capability is as important as the engaging ability. Stone and basket entrapment 
occurs and is best prevented by judicious application of basketing. We can expect 
more developments in the field of stone retrieval devices. 


Intracorporeal Lithotripters for Ureteroscopy 
Scott G. Hubosky and Thomas J. Hardacker 


Introduction 


Ureteroscopy has evolved from once a diagnostic procedure to a therapeutic one for 
various upper urinary tract pathologies. In order to reliably treat ureteral and renal 
stones, intracorporeal lithotripters must be utilized together with either semi-rigid 
or flexible ureteroscopes. Various forms of intracorporeal lithotrites exist, but not all 
are broadly applicable to ureteroscopy, given the generally small working channel 
size and need to limit reduction in deflection of flexible instruments. Lasers, by far, 
are the most common intracorporeal lithotrites used today, with holmium:yttrium 
aluminum garnet (Ho:YAG) being the most popular, known for its reliable safety 
profile and practical versatility. Other available intracorporeal lithotrites include 
electrohydraulic lithotripsy (EHL), ultrasonic lithotripter, and pneumatic/ballistic 
lithotripter. 


Laser Lithotrites 
Holmium Laser 


The most commonly used laser for the purpose of lithotripsy today is the 
holmium:yttrium aluminum garnet (Ho: YAG) laser. This is a solid-state pulsed laser 
in which holmium ions are concentrated on a YAG crystal. When excited from white 
light generated by a flashlamp in a laser cavity, holmium atoms emit photons at a 
wavelength of 2140 nm. This laser energy can be transmitted to a stone target by 
way of a flexible silica laser fiber, ranging in diameter from 200 to 365 microns, 
which fits through the standard working channel of a flexible or semi-rigid uretero- 
scope. Due to its emitted wavelength, holmium is significantly absorbed by water 
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and has a shallow depth of tissue penetration at 0.4 mm, although an ex vivo study 
has shown longer incisional depths, which vary with higher energy and frequency 
settings [101]. Nevertheless, holmium is still considered one of the safest and most 
versatile lasers used in urology and has stood the test of time, since its clinical intro- 
duction in the early 1990s [102, 103]. In terms of lithotrite performance, holmium 
is effective on all types of urinary tract stones, is independent of density, and pro- 
duces the smallest resultant fragments for a given stone composition, when com- 
pared to EHL, pulsed dye laser, and pneumatic lithotripters [104]. Although 
disadvantageous from a cost standpoint, holmium is often considered worth the 
investment since higher-power systems are versatile enough to support not only 
lithotripsy cases in the upper and lower urinary tract but also laser incision of ure- 
teral strictures, ablation of upper tract urothelial carcinoma [105], and ablative/ 
enucleation procedures for benign prostatic hyperplasia [106]. 

The ablative effect of the holmium laser is due to a photothermal mechanism, 
which chemically decomposes the calculus by way of direct absorbance of radiation 
by the stone [107, 108]. Stone fragmentation depends on the total power delivered 
to the target stone, which in turn is determined by the energy applied (measured in 
joules) and the frequency (Hz). The latest holmium laser platforms are multicavity 
laser systems, which provide power of up to 120 watts. In general, when choosing 
holmium laser settings (laser dosimetry), there are three variables, which potentially 
can be manipulated: the pulse energy (joules), the number of pulses produced by the 
laser per second or frequency (Hz), and the pulse width (us). Increasing pulse 
energy will increase ablative capacity (more volume of stone ablated with less time) 
but also results in production of relatively larger resultant fragments [109], leads to 
laser fiber-tip degradation, and target stone retropulsion [110]. Keeping pulse energy 
relatively low, such as 0.2 joules, will produce the smallest resultant fragments 
[109] but will also decrease ablative volume, which is why high frequencies are 
often employed in this situation (dusting settings). Higher-frequency settings will 
increase the fragmentation rate for a given pulse energy but can cause retropulsion, 
especially at higher pulse energies. Increasing pulse width has been shown to reduce 
retropulsion [111], which is useful when treating stones in a dilated ureter or col- 
lecting system. Fragmentation rate can also vary with laser fiber size but seems 
mostly to apply to larger diameter fibers when using pulse energies >1.0 joule [112]. 


Moses Platform 


Pulse modulation with the holmium laser is a process currently being explored and 
essentially changes how energy is delivered to a calculus. The 120-watt holmium 
laser generator with “Moses technology” (Lumenis Ltd., Yokneam, Israel) serves to 
improve efficiency during stone fragmentation by dividing laser energy into two 
distinct pulses. The initial pulse separates fluid between the fiber and the stone, 
while the second pulse delivers energy directly to the target calculus. Overall, this 
results in more efficient energy delivery from the fiber to the stone. In vivo and 
in vitro studies have demonstrated decreased retropulsion and increased stone 
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ablation with Moses technology, particularly in softer stones [113, 114]. A recent 
prospective, double-blinded study involving 72 consecutive patients with renal 
stone burden between 1.4 and 1.7 cm, demonstrated that the use of the Moses mode 
compared to conventional holmium laser mode resulted in significantly decreased 
overall procedure time and fragmentation/pulverization time, saving almost 10 min- 
utes and 7 minutes, respectively [115]. Interestingly, between the two groups, there 
was essentially equal lasing time and laser energy applied. The conclusions were 
that Moses mode saved time due to less stone retropulsion compared to conven- 
tional mode, requiring fewer pauses during laser fragmentation to adjust the laser 
fiber. An important study limitation was that Moses mode was compared to conven- 
tional mode with short pulse width and not long pulse width, which potentially 
could have altered the results. 


Thulium Fiber Laser 


While thulium: YAG has been utilized for several decades in benign prostate sur- 
gery, thulium fiber laser (TFL) energy is an emerging modality for lithotripsy with 
a wavelength of 1940 nm, compared to 2140 nm for the holmium laser. This modal- 
ity confers several benefits over traditional holmium energy, including lower amper- 
age requirements, frequency settings in excess of 600 Hz, decreased stone 
retropulsion, and laser fibers between 50 and 150 um that allow for improved irriga- 
tion and deflection [116]. TFL results in higher ablation energy at lower pulse width 
compared to holmium, in part owing to its higher absorption peak in water, which 
has been hypothesized to correlate with improved fragmentation [117]. TFL pro- 
duces a smaller vaporization bubble compared to holmium, resulting in decreased 
retropulsion and more efficient energy delivery to the stone [116, 117]. 

TFL has been demonstrated in vitro by Blackmon and colleagues to result in two 
to four times higher fragmentation rates for uric acid and calcium oxalate monohy- 
drate stones when compared to standard holmium [118]. In one of the initial clinical 
analyses of TFL during stone surgery, Enikeev and colleagues demonstrated that 
this modality is both safe and effective during PCNL, with limited retropulsion 
[119]. In addition, efficiency of the thulium laser was independent of stone density, 
as well. Overall, TFL has properties that in theory yield benefits of increased deflec- 
tion, increased fragmentation, and decreased retropulsion compared to traditional 
laser energy sources. 


Electrohydraulic Lithotripsy (EHL) 


Electrohydraulic lithotripsy (EHL) has been utilized for the treatment of calculi 
within the genitourinary tract since the 1950s, where it was initially employed in the 
treatment of bladder stones [120]. EHL employs two electrodes that produce a spark 
when activated, causing transition of irrigant fluid to gaseous state, resulting in a 
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360-degree plasma shockwave. Resulting collapse of the shockwave creates a cavi- 
tation bubble, causing high-pressure microjets and secondary shockwave to induce 
stone fragmentation [121]. 

EHL was initially employed for treatment of upper tract calculi prior to the avail- 
ability of endoscopic visualization. Significant collateral damage, particularly 
within the ureter, was noted even after small-caliber ureteroscopes were developed. 
As a result, EHL was utilized for lower pole renal stones that were inaccessible 
secondary to reduced deflection with laser fibers in the working channel. EHL 
probes — available in sizes from 1.9 to 3.3 French — result in improved deflection and 
increased access in these scenarios, even compared to smaller caliber laser fibers. 
Importantly, EHL is contraindicated for treatment of ureteral stones, owing to the 
significant rates of ureteral perforation, which can range from 8.5 to 17.6% [121- 
123]. Owing to larger working area, EHL can safely be used within the confines of 
the kidney, though perforation rates remain higher than with other modalities. EHL 
has been described in combination with holmium laser energy during ureteroscopy 
for treatment of renal stones greater than 4 cm with reasonable results [124] although 
this is not a first-line recommendation. Despite its potential for urothelial surface 
insult, secondary to its mechanism of action, EHL still maintains a select utility for 
renal stones that are challenging to access with standard laser fibers or when a laser 
is not available. Additionally, EHL is quite efficacious for removing encrustation 
from stent curls with less risk of fracturing the stent, relative to the holmium laser. 
Again, EHL should be avoided in the ureter. 


Pneumatic/Ballistic Lithotripsy 


Ballistic lithotripsy relies on a projectile physically making contact with a stone and 
mechanically fragmenting it, similar to a jackhammer. Most ballistic lithotripters 
used compressed air to propel the projectile. Although more commonly used during 
PCNL, pneumatic/ballistic lithotripters can be used during semi-rigid URS. Models 
are available which are light and portable and make use of a detachable cartridge of 
high-pressure CO2 [125]. Advantages also include relatively low cost, but the main 
challenges include retropulsion of the target stone and generation of relatively larger 
resultant fragments, especially compared to those produced by Ho:YAG lasers 
[104]. Flexible pneumatic/ballistic probes exist for flexible ureteroscopy, but their 
impact momentum significantly decreases even with a small amount of deflection 
[126], essentially making them inferior to other available modalities. 


Conclusion 


Many intracorporeal lithotripters are available for use during ureteroscopy. Ho: YAG 
laser is the most widely utilized and the most versatile since it can be used to treat 
numerous other urologic pathologies. The thulium fiber laser is relatively new, but 
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preliminary studies suggest it may offer additional benefit due to less retropulsion, 
and its smaller fiber diameter offers better deflection and visualization. Cost is the 
primary disadvantage of laser lithotripsy. EHL serves a limited role in the kidney, 
especially when laser fibers limit deflectability or are unavailable. Pneumatic/bal- 
listic lithotripsy is an affordable alternative during semi-rigid URS, but disadvan- 
tages include relatively larger resultant fragments and retropulsion. 
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Fundamental Maneuvering During Ureteroscopy 
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Introduction 


During the last four decades, patients with upper urinary tract stones have benefited 
from many technological advances including the development of ureteroscopy 
(URS), in both semi-rigid and flexible forms. In turn, there has been a widening of 
ureteroscopic indications including both the diagnostic and therapeutic manage- 
ment of upper urinary tract pathologies such as urolithiasis and urothelial tumors. 
Certain fundamental principles are necessary to employ in order to ensure safe and 
effective outcomes during ureteroscopy. 
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General Considerations 


Whether it is semi-rigid or flexible ureteroscopy (fURS), the procedure begins with 
cystoscopy to rule out any significant pathology in the bladder and to identify the 
location and configuration of the ureteric orifices. At this point, performance of a 
baseline retrograde pyelogram (RGP) is considered, especially if any ureteral 
pathology is anticipated. A cone-tipped catheter or similar device can provide a 
high-quality RGP without cannulating the ureteral orifice with a wire (Fig. 4.1). At 
this point, a guidewire can be placed with fluoroscopic guidance to function as 
either a working wire or a safety wire, depending on the situation. A dual-lumen 
catheter can be placed to allow for both a working and a safety wire, if desired. Both 
the European Association of Urology and American Urological Association guide- 
lines generally recommend the use of a safety wire [1, 2] but acknowledge that 
groups have published on safe performance of ureteroscopy without it [3-8]. In 
general, a safety wire is particularly useful anytime the ureter is considered at risk, 
especially if ureteral pathology is present or manual ureteroscopic removal of stone 
fragments is planned without the use of a ureteral access sheath. Moreover, the use 
of a safety guidewire ensures access to the collecting system and facilitates the 
insertion of a stent in case of ureteric or collecting system injury such as ureteral 
perforation or excessive bleeding. Although considered a routine step, safety wire 
insertion should not be treated as an insignificant, rote, or mundane maneuver. 


Fig. 4.1 Cone-tipped 
catheters provide a seal at 
the ureteral orifice to allow 
for retrograde pyelogram 
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Advancement of too great a length of wire can cause surface abrasions and lead to 
collecting system bleeding with resultant impaired visualization of the intrarenal 
luminal compartment, making simple cases unnecessarily difficult (Fig. 4.2). After 
the guidewire is placed, the bladder should be emptied to avoid compression of the 
intramural ureter, which will facilitate ureteroscope passage. 


Semi-rigid Ureteroscope Insertion 


Semi-rigid ureteroscopy is preferred for pathology that affects the distal ureter, 
since flexible ureteroscopes traditionally tend to buckle in this area, although newer 
flexible models with improved durometer are less likely to do so [3]. After confirm- 
ing the presence, condition, and general location of the ureteral orifice with cystos- 
copy, a semi-rigid ureteroscope can be inserted. With a guidewire in place, the 
ureteric orifice is readily identified, thereby facilitating ureteroscope introduction. It 
is important for urology residents/trainees to appreciate that small movements of 
the semi-rigid ureteroscope lead to large movements on the video screen due to the 
magnification provided by these devices, which ranges from 30 to 50 times, depend- 
ing on the model [9]. In case of difficult insertion at the level of the ureteral orifice, 
there are two options to facilitate scope introduction. Either placing a second 


Fig. 4.2 (a) Ureteroscopic visualization of upper tract urothelial carcinoma. (b) The same tumor 
with obscured ureteroscopic visualization due to surface bleeding from excessively advanced 
safety wire placement 
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guidewire to widen access for the scope (scope passing between the two wires) or 
the URS can be gently guided over a second wire under direct vision [10, 11]. 

When performing a semi-rigid URS, it is important to note that the ureter is not 
a straight tube but rather has an S-shaped course in both lateral to medial and poste- 
rior to anterior directions [12]. Thus, advancement of the semi-rigid URS is often 
limited to the lower and mid-ureter below the pelvic brim. It is imperative not to 
force the endoscope if trying to advance above the pelvic brim, which can cause 
severe bending and resultant damage to the semi-rigid ureteroscope (Fig. 4.3). Also, 
if the ureter is tight and endoscope advancement difficult, it is important not to force 
the instrument, as there is a risk of ureteric perforation. When any resistance is felt 
and advancement of the URS compromised, it is safer to place a ureteral stent for 
passive ureteral dilation, making a secondary procedure much easier to perform at a 
later date. 


Flexible Ureteroscopy 


Currently, we can distinguish two types of flexible ureteroscopes (fURS): fiberoptic 
and digital. The difference between them is the image relay and light transmission. 
In both fiberoptic and digital fURS, most manufacturers have models with a 3.6 Fr 
working channel (for irrigation and use of accessory instruments) and usually bilat- 
eral 270° active deflection of the tip. 

Once the guidewire is in place, the procedure may begin with a semi-rigid ure- 
teroscopy, which has the advantage of passively dilating the distal ureter and may 
help the surgeon choose the most appropriate ureteral access sheath (UAS) size, if 
one is to be used [13, 14]. Whether a semi-rigid ureteroscopy has been performed or 
not initially, different options are feasible for fURS insertion into the urinary tract. 


Fig. 4.3 Semi-rigid 
ureteroscope shaft damage 
secondary to excessive 
torque encountered during 
ureteroscope advancement 
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First, the fURS may be passed up to the kidney alongside the guidewire. Another 
possibility is to introduce the fURS over a second guidewire, or “working wire,” 
placed through a dual-lumen catheter under fluoroscopic guidance. Another option 
is to place a UAS under fluoroscopic guidance and insert the fURS through the 
UAS. In case of upper urinary tract tumor management, the “no-touch” technique 
can be performed. In this technique, the fURS is directly introduced into the urinary 
tract without previous guidewire insertion to avoid any trauma [3]. The choice 
among these different options for fURS insertion depends on the surgical indica- 
tion, stone burden (if applicable), upper urinary tract anatomy, and surgeon’s 
preference. 

When placing a UAS, the goals are to facilitate multiple passes for stone frag- 
ment removal and most importantly providing irrigation with better fluid outflow, 
thereby decreasing intrarenal pressure [15—18]. The choice of the UAS, including 
size and diameter, depends on the patient’s anatomy, ureteroscope utilized, and sur- 
geon’s preference [19, 20]. Instead of placing two guidewires for UAS insertion, 
some newly designed UAS use only one guidewire, where the working guidewire 
turns into safety guidewire [21, 22] (Fig. 4.4). Attention has to be paid to the force 
applied during UAS placement because ureteral abrasions or perforations may be 
the consequence of forced maneuvers. The best position of the UAS is with its tip in 
the proximal ureter or just below the ureteropelvic junction but not through it since 
this is the portion of the ureter at greatest risk for avulsion because of the least mus- 
cular tissue support. Taking these data into consideration, the use of the smallest 
UAS as possible, in accordance with the FURS shaft size, is suggested. 

Once the fURS has been placed into the kidney, the collecting system is explored 
starting with the upper calices followed by the middle and lower calices. Virtually 
any position in the potential luminal space of the upper urinary tract can be reached 
with flexible ureteroscopy using the correct combination of three-dimensional 
movements: (1) advancement/retreat, (2) ureteroscope deflection, and (3) uretero- 
scope rotation. It is essential for the surgeon to recall the normal rotational axes of 
the kidneys in order to anticipate the location of calyces when performing flexible 


Fig. 4.4 Ureteral access sheath. The removal of the inner tip automatically converts the working 
guidewire as a safety guidewire laterally to the sheath 
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ANTERIOR 


ANTERIOR 
CALYCES 


POSTERIOR 
CALYCES 


POSTERIOR 


Fig.4.5 Transverse view of the kidneys demonstrating anterior rotation of the renal hilum by 30°. 
Note posterior calyces are directed downward, while anterior calyces are directed laterally 


nephroscopy. In the transverse plane, the renal hilum is rotated approximately 30° 
anteriorly, which means that posterior calyces of both the right and the left kidneys 
are directed towards the floor when the patient is in the dorsal lithotomy position. 
Anterior calyces are directed laterally (Fig. 4.5). In the right kidney, the calyces are 
seen on the left of the endoscope screen. Thus, supination is the essential movement 
to explore the anterior right renal calyces for the endourologist with a right-sided 
dominant hand. Conversely, the anterior left renal calyces are seen on the right of 
the endoscope screen, meaning that pronation is essential when exploring the left 
kidney (Fig. 4.6). Keeping these parameters in mind, the skilled observer can pre- 
dict the location of the tip of the flexible ureteroscope merely by watching the hands 
of the operating surgeon, an important principle when training urology residents 
and fellows. 

Another ureteroscopic specification to consider during laser lithotripsy is the 
position of the working channel as it exits at the tip of the ureteroscope. Most of the 
fURS have a 3:00 or 9:00 working channel position. When performing laser litho- 
tripsy in the right kidney, a 3:00 position is more favorable to ablate stones because 
gravity is located at 3:00. However, to better fragment stones located in right ante- 
rior calyces, a 9:00 working channel position is advised. Conversely, a 9:00 working 
channel is advised for left renal stones except for anterior calyces where a 3:00 
working channel is preferable (Fig. 4.7). It is fundamental to appreciate that the 
working channel outlet position can be manipulated simply by rotating the flexible 
ureteroscope. The surgeon can turn a 3:00 outlet to a 9:00 outlet by rotating the 
ureteroscope by 180°. When using a fiberoptic fURS with a pendulum camera, the 
screen view stays the same, as long as the camera stays fixed at the 6:00 position, 
while the exiting position of the working channel changes (Fig. 4.8). When using a 
digital flexible ureteroscope, the exiting position will stay constant at the 3:00 posi- 
tion, but the anatomy will rotate by 180°, since the digital camera is at a fixed posi- 
tion on the ureteroscope tip. 
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Fig.4.6 Dominant-hand 
pronation and supination to 
change the direction of the 
distal tip of the flexible 
ureteroscope (fURS). 
Supination is essential for 
the fURS to access the 
anterior right renal calyces, 
and pronation is essential 
when the fURS enters the 
anterior left renal calyces 
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Fig. 4.7 Working channel position. (Left) Nine o’clock working channel. (Right) Three o’clock 


working channel 
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Fig.4.8 (a) View from flexible fiberoptic ureteroscope with a pendulum camera. Note the reticle 
at 12:00 with laser fiber exiting at 9:00 position. (b) This corresponds to the thumb lever at the 6:00 
position in the surgeon’s hand. (c) Rotation of the flexible ureteroscope by 180° changes the posi- 
tion of the reticle to 6:00 with the laser fiber exiting at the 3:00 position and (d) the thumb lever 
rotated in the surgeon’s hand. Note that the visualized anatomy does not change in its appearance. 
(e) Same anatomic view with digital flexible ureteroscope shows wire at 12:00 and laser fiber exit- 
ing at 3:00. (f) This corresponds to the surgeon’s hand with thumb lever in 6:00 position. (g) With 
180° rotation of a digital ureteroscope, the anatomy rotates, but not the exiting position of the laser 
fiber, still at 3:00, (h) while the thumb lever is at 12:00 in the surgeon’s hand 
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Fig.4.8 (continued) 


A final nuance of flexible ureteroscopic operative technique is the absolute 
importance of actively using both hands during the procedure. While this may seem 
obvious during endoscope advancement or retreat, it is not always appreciated in 
terms of endoscope rotation. When considering a right-handed dominant ureteros- 
copist, the large-scale rotations are accomplished by the right hand. The left hand, 
however, is responsible for smaller-scale, more precise rotation, which can be 
accomplished by rotating the ureteroscope shaft between the left thumb and index 
finger in close proximity to the urethral meatus. It is mastery of this left-handed 
maneuvering which makes for the most precise ureteroscopists. Concern for damag- 
ing the shaft of flexible ureteroscopes is legitimate with left-handed rotation, 
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Fig. 4.9 (a) Note the crushed proximal shaft of this flexible ureteroscope, marked by the black 
arrow. (b) Close-up view of proximal shaft crush. This problem is seen when the surgeon is torque- 
ing on the proximal shaft with his/her left hand to try and rotate the ureteroscope against a tight 
ureter with narrow diameter. (c) Usually this results in broken fiberoptics 


especially when ureteral narrowing exists and causes resistance to shaft rotation. It 
is in this manner we see breakage of fiberoptic bundles or significant kinking of the 
ureteroscope shaft (Fig. 4.9). In such situations, it may be best to leave a stent and 
return when the ureter has been passively dilated or alternatively to use a single-use 
flexible ureteroscope. 


Conclusion 


With an appreciation for intrarenal anatomy and ureteroscope design, almost any 
portion of the upper urinary tract can be accessed with ureteroscopy. Although dif- 
ferent in their conception, semi-rigid and flexible ureteroscopes share common 
steps when a procedure is performed but have inherently unique nuances in terms of 
maneuvering. This review provided some tips and tricks to facilitate their use in 
current practice. 
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Basic Techniques of Ureteroscopy: No-Touch Ureteroscopy 


Nitin Sharma and Michael Grasso HI 


Introduction 


No-touch ureteroscopy is also known as “wireless and sheathless” ureteroscopy. 
The technique, first described for atraumatic diagnostic ureteroscopy, is based on 
defining the ureteral orifice and under direct vision, intubating and traversing the 
intramural ureter with an actively deflectable flexible ureteroscope. This maneuver 
is performed without using a guidewire, ureteral dilator, or ureteral access sheath, 
which may cause trauma, thus obscuring visualization of any potential urothelial 
lesions. 

Bagley et al. was the first to introduce no-touch endoscopic surveillance in those 
patients treated ureteroscopically with upper tract urothelial cancers (UTUC) with 
the aim of avoiding any incidental trauma from a guidewire or dilator (Fig. 4.10) 
and hence missing small ureteral lesions [23, 24]. In his technique, Bagley described 
first placing a small diameter semi-rigid ureteroscope to inspect the distal ureter, 
introducing a guidewire through the rigid endoscope only up to the level of the dis- 
tal ureter, and finally passing a flexible ureteroscope over that wire to inspect the 
more proximal collecting system. With broader experience and improved flexible 
ureteroscopic design, specifically smaller shaft diameter, greater shaft durometer 
(stiffness), improved two-way tip deflection, and larger deflecting radius, direct 
intubation of the ureteral orifice without a guidewire or dilation can frequently be 


Fig. 4.10 Flexible 
ureteroscopic view 
showing linear erythema 
on the urothelial surface 
secondary to wire trauma, 
thus potentially 
complicating diagnostic 
ureteroscopy 
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performed [3, 25]. No-touch ureteroscopy, solely performed with a flexible uretero- 
scope, was first described by Grasso and Johnson in 2004 [25]. Indications quickly 
expanded from diagnostic to most therapeutic applications including treatment of 
UTUC and endoscopic lithotripsy. 


Technique and Instrumentation 
Instrumentation 


A small diameter <8 Fr actively deflectable flexible ureteroscope is essential for 
direct endoscope intubation of the ureteral orifice. Fiberoptic-based flexible uretero- 
scopes tend to be of smaller caliber as compared to digital instruments and thus are 
often more successfully placed into the upper urinary tract employing this tech- 
nique. À standard 3.6 Fr working channel is inherent with most flexible uretero- 
scopes, allowing for passage of clearing sterile saline irrigant simultaneously with a 
broad range of endoscopic accessories (e.g., baskets, electrodes, laser fibers, etc.). 
Primary endoscope tip deflection has evolved with thumb lever control of up to 270° 
in two directions. US standard is thumb lever down, endoscope tip down, while in 
Europe this is reversed by convention. Secondary deflection is an inherent weakness 
in the durometer of the endoscope approximately 4-6 cm from the tip which allows 
for exaggerated angulation within the intrarenal collecting system for access to the 
most dependent lower pole calyces. If this secondary deflecting segment is too soft, 
for example, direct access above the intramural ureter using a no-touch technique 
may be limited secondary to endoscope buckling. Placing a guidewire through the 
working channel just to the endoscope tip will increase shaft stiffness and often help 
in this setting. 


Technique 


Flexible ureteroscopy, particularly for diagnostic purposes, begins with cystoscopy 
in the standard dorsal lithotomy position. Anatomic landmarks are defined includ- 
ing trigonal ridge, and barbotage sample of bladder urine is collected for cytologic 
evaluation in those with suspicion of a urothelial malignancy. A retrograde uretero- 
pyelogram is often performed with a 5 Fr open-ended ureteric catheter and dilute 
radio-opaque contrast material employing real-time fluoroscopy, care being taken 
not to over-distend the collecting system. The bladder is then completely drained 
before the flexible ureteroscope is passed to minimize pressure along the intramu- 
ral ureter. 

The actively deflectable flexible ureteroscope is passed directly into the decom- 
pressed bladder. Sufficient sterile saline irrigant (typically 50-60 cc) is then instilled 
through the working channel to minimally lift the back wall of the bladder off of the 
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trigone, thus facilitating the identification of the ureteral orifice. Once again, if the 
bladder is over distended and the intramural tunnel compressed, ureteral cannula- 
tion will be that much more challenging. The endoscope is straightened in the mid- 
line and then rolled toward the orifice, as if cannulating with a straight angiographic 
catheter. Trying to maximally deflect toward the orifice will cause shaft buckling 
during intubation and may prohibit passage through a tortuous or J-hooked intramu- 
ral segment. The ureteral orifice is gently cannulated with the flexible ureteroscope 
under direct vision and then directed proximally, often by deflecting up and medi- 
ally first to engage and then lateral and down to traverse the intramural ureter. If a 
ureteral peristaltic wave is encountered, a transient pause until the wave has passed 
is often all that is required. 

Upper urinary tract mapping employing the no-touch technique increases the 
sensitivity of diagnostic ureteroscopy, minimizing false positives associated with 
guidewire or dilator trauma. The endoscope is passed directly into the intrarenal 
collecting system, which is meticulously evaluated and mapped. Lower pole calyces 
can be more challenging to visualize, particularly if associated with an acute infun- 
dibulopelvic angle or long (i.e., >3 cm) infundibula. The combination of maximal 
active tip deflection and passive proximal shaft buckling (i.e., secondary deflection) 
will often facilitate endoscope placement in this setting. Small aliquots of sterile 
saline irrigant can be employed through the working channel of the endoscope to 
clear the optical field of debris and to distend the collecting system sufficiently for 
inspection. A simple irrigation system commonly utilized is based on two refillable 
60 cc syringes joined to a three-way stopcock attached to the endoscope with stan- 
dard Luer-lock ended tubing (Fig. 4.11). The assistant instills minimal sufficient 
irrigant to just clear the optical field, varying the pressure and flow as needed based 
on the specific clinical presentation. 

In a 1994 series of more than 500 diagnostic ureteroscopies, complete inspection 
of the upper urinary tract collecting system by no-touch technique was achieved in 
the majority of patients [26]. 


Fig. 4.11 (a) Two 60-mL syringes are connected to irrigation tubing by way of a three-way stop- 
cock, which allows for seamless, virtually uninterrupted irrigation with an infinite range of pres- 
sure variation. (b) Close-up view of a three-way stopcock 
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Modifications for Difficult Ureteral Access: When to Employ a Guidewire 
and Dilator 


No-touch flexible ureteroscopy should always be earnestly attempted in order to 
maximize diagnostic sensitivity, but may not always be technically feasible. Many 
clinical presentations will prohibit direct endoscope intubation. Promptly defining 
these and employing an access algorithm will increase the efficiency of each proce- 
dure. Cystoscopic evaluation is an essential first step. Lower urinary tract findings 
including pinhole or stenotic ureteral orifice, ureterocele, intrusive median lobe of 
the prostate, and trabeculated bladder with thickened wall and thus tortuous intra- 
mural ureter will often inhibit direct endoscope tip intubation. In these settings more 
standard access techniques should be used. 

If the endoscope can be passed just into the orifice but intramural tortuosity 
causes buckling, thus prohibiting proximal passage, a guidewire is placed through 
the working channel to increase the durometer or stiffness of the endoscope shaft 
and to act as a minimal tip filiform. An angled-tipped Teflon-coated nickel titanium 
guidewire (i.e., Zebra guidewire, Boston Scientific, Natick, MA) is relatively un- 
kinkable and steerable and has a sufficiently low coefficient of friction to facilitate 
endoscope passage over it. After traversing the intramural ureter, tortuous segment, 
or narrow orifice, the guidewire is withdrawn, and endoscopic inspection continues 
in a no-touch fashion. 

If the ureteroscope will not pass through a narrow intramural ureter, then dilation 
is required. The smallest diameter dilator (<12 Fr) will cause the least trauma to the 
urothelium and is thus preferential. Typically, a 6-12 Fr Nottingham graduated dila- 
tor passed over a 0.035-inch angled-tipped Zebra guidewire is placed just through 
the intramural tunnel. Alternatively, a 12-Fr, 4-cm-long dilation balloon can be 
employed. If these two maneuvers are unsatisfactory, then direct inspection with a 
small caliber semi-rigid ureteroscope, akin to the technique described historically 
by Bagley, will allow for distal ureteral inspection, as well as dilation of the intra- 
mural segment under direct vision based on the graduated shaft of this instrument. 


Need for Staged Procedure 


When all else fails, with regard to ureteral access, placement of an internal stent and 
returning for second stage ureteroscopic inspection is an important strategy to mini- 
mize ureteral trauma and associated complications. It has been shown that in the 
absence of ureteral pathology, the inability to ureteroscopically access the upper 
urinary tract is 1.4% when using small diameter endoscopes. Active ureteral pathol- 
ogy will increase this rate to about 6.5% in our experience [27]. Certain clinical 
presentations including prior retroperitoneal surgery, fibrosis from radiotherapy, or 
adjacent neoplastic or inflammatory processes may inhibit ureteroscope placement 
in a non-dilated ureter. In such cases, staged procedures with interval ureteral stent- 
ing will often facilitate passive dilation and subsequent no-touch diagnostic 
ureteroscopy. 
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Procedural Algorithm 


Initial passage of ureteroscope 


a 


Successful Unsuccessful 
AT — > — 
Uncomplicated Complicated* Active dilation Passive dilation (stent) 
Option no stent Stent Coaxial Balloon Staged procedure 
Stent 


Indications for No-Touch Ureteroscospy 


Diagnostic 


= 


. Evaluating abnormal imaging and “filling defects” of the upper urinary tract. 

2. Evaluation of lateralized “essential” hematuria: hematuria localized to the upper 
urinary tract without a discernible lesion or “filling defects” on contrast-based 
urography with bloody efflux defined cystoscopically from a ureteral orifice. 
Diagnostic ureteroscopy is the investigation of choice for its evaluation. No- 
touch technique is of particular importance in this scenario, with the greatest 
diagnostic sensitivity. Differential diagnosis includes papillary tip hemangioma, 
treated with electrocautery fulguration. 

3. Urothelial malignancy: diagnostic ureteroscopy is employed to assess patients 
with suspicious lesions or lateralizing cytology to define urothelial neoplasms. 

4. Surveillance ureteroscopy after ureteroscopic treatment of UTUC. 


Therapeutic 


1. Treatment of UTUC 
2. Ureteroscopic lithotripsy 


Results 


In comparison to diagnostic ureteroscopy, therapeutic endeavors commonly begin 
with no-touch ureteroscopic mapping of the upper urinary tract. From tumor treat- 
ment, to endoscopic lithotripsy, therapeutic ureteroscopy is commonly performed 
without the application of retrograde catheter and guidewire manipulation or an 
access sheath. For example, a series of ureteroscopic lithotripsy procedures were 
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performed without an access sheath with stone clearance of 95% and without major 
complications [28]. 

In 2006, Grasso et al. published results of 460 no-touch ureteroscopies (wireless 
and sheathless) and also compared it with an established database of 1000 standard 
flexible ureteroscopy [3]. Of the 460 cases, a stent was in place before hand in 108 
[24%] cases. Of the remaining 352 cases, only 11% [54 cases] required guidewire 
or ureteral dilation to enter the ureter. In that series, success rate of ureteral stones 
was 99%-100% (proximal stones 99%, mid- and distal ureteral stones 100%), and 
success rate for renal stones was 91%—99% depending on stone size (<1 cm 99%, 
1-2 cm 95%, 2 cm and above 91%). Larger renal stones invariably required more 
than one stage. No false passages or ureteral perforations were reported in that 
series. None of the patients had any major complication. Only five patients had 
postoperative pyelonephritis, requiring antibiotics, and three had hematuria, which 
resolved spontaneously, 

whereas other series describing the use of routine application of a ureteral access 
sheath have defined a higher rate of complications secondary to ureteral wall trauma 
[29-31]. Moreover, in year 2000, in our series of 1000 consecutive cases of flexible 
ureteroscopy routinely employing a no-touch access technique, there were no per- 
forations or avulsions, with a ureteral stricture rate of 0.4% [32]. 


Conclusions 


No-touch technique should be utilized in cases of diagnostic ureteroscopy, when- 
ever possible, in order to maximize visualization and minimize patient morbidity. 
With smaller diameter flexible ureteroscopes with appropriate durometer, semi- 
rigid ureteroscopes can often be omitted during diagnostic ureteroscopy. A step- 
wise approach to retrograde ureteral access should be followed, and patients should 
be counseled that even with contemporary small-profile endoscopes, second-stage 
procedures are sometimes necessary due to intrinsic ureteral narrowing. 


Safety Considerations During Ureteroscopy 


Edward J. Kloniecke and Scott G. Hubosky 


Introduction 


The use of ureteroscopy in endourology as a diagnostic and therapeutic procedure 
has increased over the last several years as ureteroscopy has overtaken extracorpo- 
real shockwave lithotripsy (ESWL) for treatment of urolithiasis [33, 34]. It is widely 
accepted to be a safe procedure with complication rates ranging from 7.4 to 25%, 
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with the majority of complications being minor (Clavien Grade I-II) and related to 
pain, hematuria, or urinary tract infection [35, 36]. These reported complications 
result directly from instrumentation and manipulation of the genitourinary tract. 
Less frequently discussed are the dangers posed by the supplemental technology 
used during the procedure to both the operating room staff and patient. The uretero- 
scope itself, radiation, and lasers used to treat malignancy and calculus disease all 
pose risks to the surgeon, the operating room staff, and the patient. By understand- 
ing these risks and developing strategies to mitigate them, the procedure can become 
even safer for all involved. 


For the Surgeon 
Radiation 


With the increase in ureteroscopic case volume comes an increase in intra-operative 
fluoroscopy used to guide these procedures. This exposure to ionizing radiation car- 
ries with it well-documented risks of DNA and tissue damage leading to an increased 
risk of malignancy, cataract formation, congenital anomalies, and other issues [37]. 
Despite these known risks, most urologic training programs do not have formalized 
curricula in place to ensure an appropriate level of understanding of the risks inher- 
ent to the routine use of fluoroscopy and strategies, which can be used to minimize 
exposure. This is especially concerning since the operating urologist ultimately con- 
trols the dose of radiation used during any particular case. 

The American Urologic Association (AUA) advocates for minimizing radiation 
dosing using the principles of “as low as reasonably achievable” or ALARA. This 
acknowledges that some risk of danger from the use of radiation is expected and 
necessary in order to perform the task at hand. By adopting these principles, the 
operator can limit the necessary exposure to the patient and operating room staff. 

The first principle for achieving ALARA radiation dose levels is limiting the 
time that ionizing radiation is used. Pulsed dosing should be used, at as low a rate as 
possible, with spot fluoroscopic images obtained and held using the last image hold 
feature, rather than obtaining continuous images. The use of the physician foot 
pedal at critical portions of the case can allow for a decreased need for repeat images 
if a radiation technologist was not able to capture the image at the time intended by 
the physician, although one study suggests there is no difference in overall operative 
time and fluoroscopic dose based on who is in control of fluoroscopy. Additionally, 
the use of markings on the floor, standardized handoffs between radiation technolo- 
gists, or, ideally, avoiding switching staff during a case will decrease the need for 
additional images and thereby lower time of exposure [38, 39]. Finally, fluoroscopy 
time should be tracked, and the operating surgeon should be provided feedback on 
their usage, as this awareness has been shown to decrease fluoroscopy time and dose 
by up to 24% [39]. 
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The next way to achieve the lowest reasonable radiation dose is to increase dis- 
tance from the source. The dose of radiation is inversely proportional to the square 
of the distance from the source. This means that every time distance from the radia- 
tion source is doubled, the radiation dose is decreased by 25%. Practically, distance 
can be increased by stepping back when obtaining fluoroscopic images and ensur- 
ing those who are not actively involved in the patient's care are as far from the radia- 
tion source as possible [40]. Of note, the use of video cameras and screens rather 
than direct visualization through lenses has made increasing distance from radiation 
source much easier as compared to the early years of urologic practice. 

Shielding is the final component of achieving ALARA dose levels. This serves as 
an additional safety mechanism when fluoroscopy time has been minimized and 
increasing distance is no longer feasible. Shielding includes the traditional lead 
apron or gown to protect the chest, torso, and pelvis, as well as a thyroid shield, lead 
gloves, and lead glasses [37]. Chest, abdomen, and pelvic shields protect the gonads 
and the majority of active bone marrow. Depending on thickness, they can decrease 
scatter radiation by 90-99.5% [37]. Thyroid shields can reduce the delivered dose 
of radiation to the thyroid up to 100-fold, reducing the dose of radiation to near 
background levels and the risk of thyroid cancer to that of the general population 
[37]. Lead-impregnated gloves can reduce the dose of radiation to the hands by up 
to 50%, but this does vary with the brand used [41]. For endourologists using a 
C-arm during ureteroscopy, protective lead aprons can be fitted to the operating 
room table and are successful in significantly decreasing scatter radiation [42]. 
Another potential benefit of these table aprons could be to enable the operator to 
wear less dense, lighter-weight personal protective lead aprons, thereby reducing 
musculoskeletal strain. 

The International Commission on Radiation Protection has provided universally 
accepted annual occupational dose limits regarding radiation exposure; any one 
organ or region of the body is limited to a dose of 500 millisieverts (mSv), with 
sieverts being functionally equivalent to gray, a more familiar unit of measurement 
to the urologist [43]. Using the above principles, a study estimated that a urologist 
who performs 50 ureteroscopies per year receives a yearly dose of radiation of 580 
micro-gray to the lower legs, with a dose of 325, 135, and 95 micro-gray reaching 
the foot, hand, and eye, respectively, making it nearly impossible for even the busi- 
est endourologist to reach their yearly limit [44]. 


Ergonomics 


Work-related musculoskeletal disorders (WRMD) are common throughout the gen- 
eral population and medicine. Procedural specialists are especially at risk due to 
long hours on their feet, repetitive motions, and the need to be in static, non-neutral 
positions for prolonged periods. Ergonomists estimate the working environment for 
a proceduralist to be as harsh as an industrial labor job. Common pathologies 
include degenerative cervical and lumbar spine disease, rotator cuff injury, carpal 
tunnel syndrome, tendinitis, neuropathies, and pain syndromes [45]. 
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Endourologists suffer from WRMD at a substantial rate, with 38.1% reporting 
back problems, 27.6% reporting neck problems, and 17.2-32% reporting hand 
issues [46, 47]. The lead gown worn as protection from radiation likely contributes 
to the back issues, as a 15-pound lead gown can exert as much as 300 pounds per 
square inch of pressure on the intervertebral discs [46]. Consideration should be 
given to weight when deciding on purchasing lead protective garments for use dur- 
ing ureteroscopy. 

The characteristics of the ureteroscope may play a role in the development of hand 
issues. Current options for ureteroscopes include single-use digital, reusable digital, 
and reusable fiberoptic instruments. Digital ureteroscopes incorporate the camera 
and light cable, so are often considerably lighter than fiberoptic ureteroscopes (less 
than 300 g compared to greater than 1400 g) when considering the additional weight 
of separate cables [47]. A study compared the electromyography measured muscle 
activity for completing a number of in vitro tasks using a flexible ureteroscope from 
each of these categories, and the lighter, digital ureteroscopes consistently required 
less muscle work per second and cumulative muscle work across all muscle groups 
than the heavier, fiberoptic counterparts. Additionally, the time it took to complete 
tasks was shorter using the digital instruments, possibly due to less fatigue [48]. 
Digital ureteroscopes do have drawbacks and are not necessarily the best option for 
every case, but their ergonomic advantages should seriously be considered. 

Ergonomic issues lead to considerable burden for endourologists. In one study, 
84.6% of the endourologists reporting hand problems ultimately required interven- 
tion in the form of medication, physical therapy, or surgery [49]. Throughout all 
specialties, WRMD contribute to the early retirement, practice restriction or modi- 
fication, or leave of absence for 12% of affected physicians [45]. 


Eye Safety 


Urologist’s eyes have long been at risk from a number of potential hazards. Using 
cameras rather than direct visualization has served to provide additional distance 
between the eye and the potential danger, but risks still remain. Fortunately, the use 
of appropriate eyewear can reduce the odds of suffering a significant injury. 


Laser Injury 


The use of lasers for treating urologic pathologies began in the 1970s. Since that 
time, many different laser technologies have been used or are being investigated for 
use, including neodymium-doped yttrium aluminum garnet (Nd:YAG), potassium 
titanyl phosphate (KTP), holmium: YAG (Ho: YAG), diode, thulium: YAG (Th: YAG), 
and thulium fiber laser (TFL) [50, 51]. Ho:YAG has become the most commonly 
used laser in contemporary ureteroscopy. Not only is holmium widely adopted for 
its versatility and effectiveness but equally essential is its excellent safety profile. A 
search of two major adverse event databases returned a total of 433 adverse events 
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related to the use of lasers in urology. One hundred sixty-four events were eye inju- 
ries, attributed to the use of the Nd: YAG, KTP, or diode lasers; none occurred with 
the use of the Ho:YAG laser. These eye injuries ranged from minor corneal abra- 
sions to total vision loss, and most were thought to be associated with the improper 
use of eye protection [50]. The most common injury to the medical operator using 
the Ho: YAG laser was minor skin burns from firing with a broken fiber (Fig. 4.12). 

These injuries are due to the fact that energy from the Nd:YAG, KTP, and diode 
lasers is absorbed by oxyhemoglobin, whereas the energy from the Ho: YAG laser is 
absorbed by water [50]. Any stray energy from a broken or unintentionally activated 
laser fiber is then available to damage to the first structure it encounters containing 
oxyhemoglobin, which may be the retina or lens of the eye and cause catastrophic 
injury. For that reason, it is recommended that everyone in the operating room wears 
wavelength-specific safety goggles with the use of surgical lasers [50, 52, 53]. 

Multiple guideline statements and manufacturers of Ho:YAG lasers recommend 
wearing laser protective goggles with the use of this technology, despite limited 
evidence of possibility of injury. An ex vivo study on porcine eyes showed that 
Ho:YAG laser could not cause damage to the lens or retina in any scenario, and 
corneal abrasions were only possible if the laser fiber was very close to the unpro- 
tected eye. Eyeglasses alone were sufficient to protect the cornea from damage in 
this scenario. Based on this, the authors of that study concluded that surgeons should 
wear goggles, or at least eye glasses, to essentially eliminate any risk posed by the 
Ho:YAG laser [51]. 


Fig. 4.12 (a) Undue strain on laser fibers during ureteroscopic handle manipulation can result in 
fiber breakage. Particular points of vulnerability are at the insertion of the working channel or areas 
that are incidentally crushed by hemostats when secured to drapes. (b) Minor skin burn encoun- 
tered by the surgeon when firing through a broken laser fiber while utilizing Ho:YAG 
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Radiation-Induced Eye Injury 


As previously mentioned, the use of ionizing radiation during fluoroscopy can have 
many deleterious effects. One unique consideration is the risk of cataract formation 
after repeated exposure. The yearly limit for radiation dose to the lens of the eye is 
less than 150 mSv per year, and assuming 50 ureteroscopies per year and a distance 
of 75 cm from the source of the radiation, the eye would receive a dose of 95 micro- 
gray, so well within the yearly limit [44, 54]. This does not account for the cumula- 
tive effect of multiple years of practice. Studies have demonstrated that, over a 
lifetime of exposure, 2000 mSv can cause lens opacification and 2500 mSv can 
cause cataracts. Based on a study that included stent changes and ureteroscopy, it 
would take an endourologist who performed 20 cases a week approximately 
50 years to accumulate the dose necessary to cause cataracts [54]. It is conceivable 
that young, very busy endourologists could accumulate this dose. Lead-lined 
glasses, in line with the ALARA concept of shielding, have been proven to decrease 
radiation dose by 95% and reduce the risk of cataracts in those with chronic radia- 
tion exposure and should be worn, or at least considered by young, busy endourolo- 
gists and any urologist would not be faulted for their use [44, 52, 54]. 


Fluid Splash Contamination 


Blood-borne pathogens represent an additional hazard for endourologists. 
Historically, with direct visualization cystoscopy, the risk of contamination with 
patient’s blood or contaminated irrigant fluid was likely higher, but the risk still 
remains with video-based endoscopic procedures. One study examining blood 
splash injury in urology specifically found that macroscopic blood was present on 
8.3% of masks and face shields after flexible ureteroscopy. Microscopic blood was 
identified using a chemical reagent and was present on an additional 50% of masks 
and shields. Macroscopic and microscopic blood was present on the masks and 
shields 9% and 31.8% of the time, respectively, after semi-rigid ureteroscopy [55]. 

Urologists have, historically, preferred to forego eye protection as it was felt to 
negatively impact visualization through the ureteroscope, and the risk of contamina- 
tion was thought to be low. Additionally, it was believed that glasses worn by physi- 
cians provided adequate protection, but this has been proven false, and droplets of 
blood have been found on the inside of glasses worn during procedures [55]. No 
pathogen transmission has been recorded from eye splash injury in urology, but the 
use of goggles can reduce the risk of contamination to zero and eliminate any chance 
of infection, small as it may be [52, 55]. 


Prioritizing Eye Protection 
Given the many risks to the eye present during ureteroscopy, it may be difficult to 


choose which eye protection is most appropriate. A very busy endourologist should 
certainly protect his/her eyes from radiation using lead-lined goggles in any case 
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where fluoroscopy is to be utilized. These goggles are likely sufficient to protect the 
eye from stray energy from the Ho:YAG laser, so it is recommended that lead-lined 
glasses be worn if the use of both Ho:YAG laser and fluoroscopy is anticipated. 
Since significant and sometimes catastrophic injury has been documented with the 
use of other lasers, specifically the Nd:YAG, KTP, and diode lasers, the surgeon 
must wear wavelength-specific laser goggles if these lasers are to be utilized. Given 
the relatively small individual dose of radiation in any single case and the lack of 
proven efficacy of lead-lined goggles in preventing laser injury, priority must be 
given to protecting the eye from stray laser energy [52]. Finally, if no fluoroscopy or 
laser use is anticipated, goggles should be worn to prevent contamination from 
pathogen-containing fluid [52, 55]. 


For the OR Staff 


The OR staff is at risk for many of the same injuries as the surgeon; although given 
the nature of ureteroscopy and the limited working space when a patient is in dorsal 
lithotomy, the OR staff is often further from the potential safety hazard and, there- 
fore, less likely to be harmed. For example, a person who assists in 50 ureterosco- 
pies per year receives an estimated dose of radiation to the lower legs of 40 
micro-gray, compared to the surgeon’s dose of 580 micro-gray [44]. Those assisting 
in procedures where the use of fluoroscopy is intended should observe the same 
precautions of ALARA, maximizing distance, minimizing time exposed (e.g., the 
number of people in the room should be limited to those necessary), and wearing all 
appropriate shielding [37]. 

Regarding eye protection, the OR staff should wear wavelength-specific goggles 
if the use of Nd:YAG, KTP, or diode lasers is anticipated. While assistants are more 
likely to be further from the source of radiation and therefore receive a lower dose 
of radiation to the lens and be at a lower lifetime risk of cornea opacification and 
cataract formation, lead-lined goggles can be offered to anyone in the OR [56]. 
Finally, if no radiation or laser use is anticipated, assisting staff should wear protec- 
tive goggles as masks and shields of assisting nurses have been found to be contami- 
nated with blood in up to 31.8% of urologic procedures [55]. 


For the Patient 


Patient’s undergoing ureteroscopy may have pathology that requires repeat expo- 
sure to ionizing radiation to monitor their disease process. In all patients, the sur- 
geon should take care to achieve ALARA radiation doses during surgical procedures. 
Data from interventional radiology studies suggest that, while not routinely used, 
lead-lined eye protection and thyroid shields do decrease radiation doses and pro- 
vide benefit to patients undergoing fluoroscopically guided procedures. One study 
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found the dose of radiation to the thyroid decreased by half with the use of a thyroid 
shield [57]. 

Pregnant patients who need procedural intervention can be offered sonographic 
guidance if institutional structure allows. The American College of Gynecology rec- 
ognizes that ionizing radiation may be necessary and allows for its use if necessary. 
If possible, the surgeon should consider shielding the pelvis and developing fetus 
with a lead apron [38]. 

The patient’s eyes are also at risk of injury from stray laser energy. Perioperative 
guidelines recommend taping the patient’s eyes per normal anesthesia protocol and 
the use of soft, laser wavelength-specific protective goggles. The use of standard 
laser goggles is not advised, as these often have too much open space under the lens 
and could potentially permit laser energy to damage critical tissue [57]. 


Conclusion 


Unique safety risks of ureteroscopy exist beyond those secondary to direct manipu- 
lation of the upper urinary tract. Awareness of the principles of “ALARA” can help 
minimize exposure to ionizing radiation by limiting the amount of time it is used, 
increasing distance from the radiation source whenever possible and maximizing 
shielding. Digital flexible ureteroscopes may improve surgeon ergonomics since 
they are much lighter compared to fiberoptic counterparts with heavier pendulum 
camera heads. Wavelength-specific safety goggles or glasses should be used during 
cases employing lasers to maximize eye protection. 
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RUS Renal ultrasound 
SFR Stone-free rate 
URS Ureteroscopy 


Ureteral Stone Treatment 


Etienne Xavier Keller, Vincent De Coninck, and Olivier Traxer 


Introduction 


Urolithiasis is a widespread disease with a high associated morbidity and therefore 
represents a major burden for the healthcare system. In industrialized countries, the 
prevalence of urolithiasis is about 10%, with an incidence of symptomatic stone 
events of about 0.1—0.4% and a recurrence rate of >50% within 10 years [1]. 

Ureteral stones typically become symptomatic because of impaction in the ure- 
teral mucosa at a site of relative narrowing, causing a urinary outflow obstruction 
with consecutive increase of intrarenal pressure, finally leading to colicky flank pain 
[2]. In contrast, renal stones may remain asymptomatic over many years and only 
become symptomatic because of migration to the ureter, retainment at the uretero- 
pelvic Junction, or super-imposed infection. 

Over the past decades, ureteroscopes (URS) and their ancillary devices have 
undergone continuous technological improvements and have now become a major 
player in surgical treatment of ureteral stones. This chapter provides a brief over- 
vlew of the various treatment alternatives available for ureteral stones and will focus 
on modern ureteroscopic management of ureteral stones in light of technological 
advancements. 


Indications and Treatment Alternatives 


The appropriate choice of treatment for ureteral stones is driven by safety, patient 
preference, and cost-efficiency. These parameters are reflected by the complication 
rate and stone-free rate of any available treatment approach and form the basis of 
international recommendations [3-7]. The determinants of these recommendations 
are mainly based on stone location and stone size. Treatment alternatives include 
conservative management, extracorporeal shockwave lithotripsy (ESWL), and 


5 Stones 107 


ureteroscopy (URS). Of note, endourological approaches have nearly replaced lapa- 
roscopic and open surgical approaches to ureteral stones. Percutaneous antegrade 
approaches (Chap. 9) are typically reserved for special conditions such as impacted 
proximal ureteral stones or urinary diversions not amenable to retrograde manipula- 
tion [8, 9]. 

Table 5.1 presents an overview of current international guidelines for ureteral 
stone treatment. Conservative management is recommended for ureteral stones 
<6-10 mm, and a-blockers may be offered as a medical expulsive therapy, espe- 
cially for distal ureteral stones. Regular follow-up is recommended, and active 
treatment should be considered in the absence of spontaneous stone passage after 
4-6 weeks. For distal ureteral stones <10 mm, URS and ESWL may be equally 
offered. For proximal ureteral stones <10 mm, AUA/ES and EAU guidelines 
agree that URS is the treatment of choice, whereas the SIU/ICUD recommends 
ESWL as a first choice, provided that the stone can be localized during ESWL. For 
stones >10 mm, conservative management is not indicated. For distal ureteral 
stones >10 mm, URS is the treatment of choice. For proximal ureteral stones 
>10 mm, ESWL may be equally offered under the prerequisite that patients are 
informed about the lower stone-free rate in a single ESWL procedure com- 
pared to URS. 

The aforementioned guidelines cannot be applied to several peculiar conditions 
where case-by-case evaluation is necessary: persistent pain, kidney function impair- 
ment, signs of infection, solitary kidney, simultaneous bilateral ureteral stones, and 
anatomical abnormalities such as urinary diversion, ureterocele, ectopic ureter, or 
megaureter. 

Another condition that is not yet covered by any guideline is URS for ureteral 
stones in emergency situations. Recent literature revealed high stone-free rates and 
low complication rates, particularly for distal ureteral stones [10-12]. The role of 
emergency URS shall be evaluated in future multi-centric prospective randomized 
studies. 


Techniques, Tips, and Tricks 
Anesthesia 
Ureteroscopic treatment of ureteral stones can be performed both under general and 


spinal anesthesia. For proximal ureteral stones, general anesthesia offers the advan- 
tage to regulate respiratory excursions and allows intermittent apnea, if needed. 
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Intravenous sedation for URS has been reported with high success rates and seems 
especially feasible for distal ureteral stones in females [13]. 


Antibiotic Prophylaxis 


All current international guidelines recommend to perform urine analysis before 
URS and recommend to exclude or treat any urinary tract infection [3, 5, 6]. 
Antibiotic prophylaxis according to the local patterns of bacterial resistance to anti- 
biotics is recommended in all guidelines. The possibility to send a stone fragment 
for bacterial analysis has also been described [7]. 


Patient Positioning and Set-Up 


Whenever possible, the patient should be in a dorsal lithotomy position. Great care 
must be taken to protect pressure points in order to avoid regrettable complications 
such as nerve palsy and lower extremity compartment syndrome. Fluoroscopy shall 
be available and should be able to cover an area ranging from the pubic bone up to 
the kidney. 


Anatomical Considerations 


Conventionally, the ureter is divided into three distinct sections: proximal, middle, 
and distal ureter. The proximal ureter ranges from the ureteropelvic junction until 
the superior crest of the sacroiliac joint. The mid-ureter ranges from the superior to 
inferior crest of the sacroiliac joint, and from there, the distal ureter merges into the 
bladder (Fig. 5.1). 

Based on radiographical analyses, the native human ureteral lumen has a 
diameter of about 6-9 Fr [14]. Three places of relative ureteral narrowing may 
preclude stone migration toward the bladder: at the level of the ureteropelvic 
junction, crossing iliac vessels, and the intramural ureter through the bladder 
detrusor. 


Proximal Ureteral Stones 
Lithotripsy of ureteral stones should follow two distinct and consecutive aims: first 


of all, the ureter needs to be unobstructed and only thereafter should follow a phase 
of stone clearance. This principle is particularly important for treatment of proximal 
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Pyeloureteral Proximal 
junction ureter 


lliac vessels Middle 
crossing ureter 


Intramural path 
through m. detrusor 


Distal ureter 


Fig. 5.1 Ureteral path with its section and relative narrowing 


ureter stones. Indeed, an instrument may be easily passed beyond a partially 
obstructed ureter, only to become entrapped by residual fragments at the time of 
instrument retraction. In such conditions, there is a risk of ureteral avulsion, consid- 
ering that the ureteropelvic junction is the least resistant part of the ureter against 
longitudinal traction. Therefore, a laser setting favoring stone fragmentation 
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(high-energy pulses) should be selected, and stone fragments may be flushed toward 
the pyelocaliceal cavities, in order to ensure free passage of instruments. Clearance 
of any displaced fragments can thereafter be undertaken under safe conditions. 


Mid-ureteral Stones 


Mid-ureteral stones are typically trapped proximal to the crossing iliac vessels. Any 
retrograde instrumentation must be made with the care to avoid any hazardous dam- 
age to these vessels. It is thus advisable to push the stone back proximally to a wider 
and non-edematous section of the ureter before lithotripsy. 


Distal Ureteral Stones 


In a retrograde view, the distal ureter follows C-shaped path and is prone to ure- 
teral perforation, particularly when an edematous stone bed is present. The site of 
perforation is typically medio-dorsal: at 6 to 9 o’clock for the left ureter and 3 to 
6 o’clock for the right ureter (Fig. 5.2). Noteworthy, the distal ureter is particu- 
larly prone to iatrogenic injury, including during ureteroscopic stone removal [15, 
16]. Such lesions may result in ureteral strictures. This should be kept in mind 
when a stone is located a few centimeters proximally to the ureteral meatus on 
imaging. 


Fig. 5.2 Endoscopic view of the left and right ureteral orifices with marks for the typical place of 
perforation (red quadrants and arrows) 
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Flexible Versus Semi-rigid URS 


Originally, ureteroscopes capable of transmitting an image of sufficient quality 
were based on the rod-lens system developed by Harold Horace Hopkins, a British 
physicist. The Hopkins rod-lens system uses glass columns with refraction in inter- 
vening air lenses for light and image transmission. This rod-lens system required 
the ureteroscope to be rigid and was therefore not well adapted to accommodate 
angulations of the ureter. It was not until sufficient development of bundled fibers 
that semi-rigid ureteroscopes (sr-URS) capable of bending up to 2 cm from their 
axis appeared. From there, development of miniaturized f-URS with optimized 
durometer and enhanced tip deflection is nearly supplanting semi-rigid URS (sr- 
URS). The advantages of f-URS particularly become evident for treatment of proxi- 
mal ureteral stones, because f-URS are able to accommodate to the angulations of 
the ureter and tip deflection allows for a continuous visual control of the ureteral 
lumen. Consequently, lower failure and retreatment rates can be achieved by f-URS 
compared to sr-URS for proximal ureteral stones [17]. 

One remaining advantage of sr-URS over f-URS lies within its relative ease of 
manipulation. The conjunction of pivot-like movements centered on the bladder 
neck and the possibility of a pendular camera view make it relatively easy to pass 
sr-URS into the ureteral orifice, when compared to f-URS. Overall, the place of sr- 
URS in the endourological armamentarium is becoming somewhat less popular and 
might be reserved for the treatment of impacted distal ureteral stones or in situations 
where a f-URS is ineffective due to bucking of the most distal portion of its shaft. 


Ureteral Dilation and Pre-stenting 


Ureteral narrowing as well as edematous mucosa around the stone bed can impede 
endoscopic access to the stone and consequently impact on the stone-free and com- 
plication rates. Owing to the lack of sufficient evidence, the advantages and risks of 
active ureteral dilation (tapered coaxial dilators and balloon dilators) over passive 
ureteral dilation (ureteral stenting and postponed URS, commonly called “pre- 
stenting”) are the object of an ongoing debate [18]. Comparatively, it may be favor- 
able to stent the ureter and allow passive dilation rather than use active dilation, 
because the latter typically disrupts the physiologic ureteral wall arrangement, puts 
the ureteral at risk of ischemia, and therefore may lead to ureteral stricture. 


Safety Guidewire 


Facilitating urine transport from the kidney to the bladder is the primary aim when- 
ever a ureter wall injury occurs during ureteroscopy, irrespective of the mechanism. 
Ureteral patency can be ensured with the placement of a safety guidewire (SG) 
ahead of the insertion of any instrument into the ureter [19]. Its use is recommended 
by international guidelines based on expert opinion and is subject to some debate 
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simply due to the lack of data evaluating its advantages and limitations. The impact 
of SG on tensile forces during ureteral access sheath (UAS) placement is minimal 
[20]. Another advantage of the safety guidewire is that it opens the ureteral meatus, 
thus facilitating endoscope insertion. We thus recommend systematic use of a SG, 
especially in urology residency training programs (for complete discussion, see 
Chapter 3C). 


Laser Lithotripsy of Ureteral Stones 


The laser fiber tip should always point at the middle of the stone during laser litho- 
tripsy of ureteral stones (Fig. 5.3). This is in contrast to dusting techniques of renal 
stones, where the fiber tip is typically moved from periphery to the center of the 
stone. If the ureteral lumen is sufficiently wide, laser lithotripsy may be completed 
in situ. Alternatively, the stone fragments may be extracted with a basket. Respecting 
our recommendation, one may avoid potential risks of ureteral wall injury and ure- 
teral stricture formation that are reported in recent literature [21]. 


Ureteral Access Sheath 


Ureteral access sheaths (UASs) facilitate multiple URS passages and increase visi- 
bility during lithotripsy by increasing irrigation outflow. While UASs lower intrare- 
nal pressure during renal stone treatment, this advantage appears less important in 
treatment of ureteral stones [22]. Of note, ureteroscopic evaluation of the ureter 


Fig. 5.3 Endoscopic view 
of a stone in the ureter with 
the laser fiber tip pointing 
at the middle of the stone 
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should always be considered prior to insertion of any UAS, in order to evaluate for 
possible downward migration of stone. 


Basketing: The Trapped Stone 


In the event that a stone or fragments have been secured in a basket and a ureteral 
narrowing hinders retraction of the basket, one should refrain to add longitudinal 
traction because of the risk of ureteral avulsion (Chap. 10). Releasing trapped stone 
or fragments (TSF) does not always require cumbersome dismantlement of the bas- 
ket handle. By putting the basket in a fully open configuration and then pushing the 
basket shaft in a retrograde fashion, the nitinol wires may disengage the TSF. The 
basket can then be fully closed and retracted. If this method is not successful, a laser 
fiber can be inserted in the working channel of the URS parallel to the basket 
(Fig. 5.4a). Hereby, the TSF can be fragmented within the basket (Fig. 5.4b—c) until 
the latter can be fully closed and retracted. The combination of a basket and a laser 
fiber is possible for all currently available f-URS, provided that appropriate device 
diameters are selected. This technique can also be used to avoid retrograde migra- 
tion of fragments during lithotripsy. 


Pregnancy 


Incidence of symptomatic urolithiasis during pregnancy is similar to the non- 
pregnant population [23]. Symptoms may be rather non-specific, but flank pain or 
abdominal complaints are present in 85 to 100% of all symptomatic cases [24]. 
Physiologic hydronephrosis may be found in up to 90% right-sided and 67% left- 
sided kidneys in pregnant women, and ureteral dilation is typically found proximally 
from the pelvic organs [25]. This is supposed to be associated with mechanical ure- 
teral compression and relaxing effect of circulating progesterone on the ureteral wall 
tonus [26]. That state of physiologic dilation may explain why up to 60-80% of all 


Fig. 5.4 (a) Endoscopic view of a laser fiber (273 um) inserted parallel to a basket (1.9 Fr). 
(b) A ureteral narrowing hinders retraction of the basket. (c) Fragments are released by in situ laser 
lithotripsy 
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stones pass spontaneously during pregnancy [27]. Diagnostic and therapeutic imag- 
ing modalities are limited by the potentially deleterious effect of X-rays on the fetus. 

Whenever possible, conservative management should be encouraged. In case of 
sustained pain, infection, or renal function impairment, active treatment can be 
offered. The optimal choice of therapy is subject to an ongoing debate beyond the 
scope of this chapter. Active treatment includes percutaneous and retrograde drain- 
age, as well as emergency ureteroscopy [24]. In case of emergency URS, lithotripsy 
should only be performed by means of laser energy and not with any of pneumatic, 
electrohydraulic, and ultrasonic lithotripters, because they may induce premature 
labor or eventually bear a direct hazard for the fetus [24]. Noteworthy, ureteral 
stents are prone to encrustation because of gestational hyperuricosuria and hyper- 
calciuria, and therefore regular exchange of percutaneous drains or ureteral stents is 
required, if definitive treatment is not offered initially [28]. 


Pediatrics 


During childhood, the ureter is more compliant and capable to tolerate large stone 
fragments compared to adults. This particularity allows for high stone fragment 
clearance rates after ESWL, even for stones larger than 10 mm [29]. It was not until 
technological advances allowing for miniaturization of instruments that URS 
became popular in pediatric urology. Authors tend to agree that ureteral access 
sheaths are currently not adapted to children and that balloon dilation is best avoided 
because of the risk for ureteral wall ischemia and stricture [30]. 


The Narrow Ureteral Meatus: “Tent” Sign 


When facing a narrow ureteral meatus, an indirect method to evaluate ease of instru- 
ment insertion is to use a stiff guidewire and observe whether the meatus widens up 
like a tent or not (Fig. 5.5). If the meatus remains round and narrow around the 
guide wire, no ureteral access sheath should be inserted, and ureteral pre-stenting or 
a sheathless technique should be pursued. 


Conclusions 


Ureteroscopy has undergone tremendous technological advances over the last 
decades and has undoubtedly established itself a treatment of choice for active ure- 
teral stone clearance. Although potentially more morbid compared to ESWL for 
ureteral stone treatment, URS tends to be more efficacious, requires less secondary 
procedures, and is independent of stone density or skin-to-stone distance. Strict 
adherence to fundamental operative techniques will promote favorable results with 
minimal complications. 
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Fig. 5.5 The “tent” sign predicts instrument insertion success 


Flexible Ureteroscopic Treatment of Renal Stones 


Asaf Shvero, Nir Kleinmann, and Scott G. Hubosky 


Indication/Guidelines 


The role of retrograde flexible ureteroscopy (URS), or “retrograde intrarenal sur- 
gery” (RIRS), in the treatment of urolithiasis continues to expand due to improved 
surgical outcomes compared to extra-corporal shockwave lithotripsy (ESWL) and a 
low complication rate compared to percutaneous nephrolithotomy (PCNL) [31, 32]. 
According to a contemporary study of case logs submitted to the American Board 
of Urology (ABU), ureteroscopy has surpassed ESWL as the most commonly per- 
formed surgical treatment for upper urinary tract stones both among newly trained 
and senior urologists [33]. Advancement in ureteroscopic technology, including 
digital cameras, endoscope miniaturization, and improved deflection mechanisms, 
combined with the growing surgical experience, has placed ureteroscopy at the 
heart of kidney stone treatment guidelines. In the EAU guidelines on urolithiasis 
published in 2020, URS for kidney stones is considered as a first-line treatment 
option for renal stones in all locations and compositions, apart from stones with a 
diameter larger than 2 cm in which it is considered second-line (Fig. 5.6) [34]. In the 
most recent AUA guidelines published in 2016, URS is considered first-line for 
non-lower-pole stones <20 mm and lower-pole stones <10 mm. For lower-pole 
stones between 10 mm and 20 mm, URS is considered a viable option due to lower 
complication rate than PCNL, although stone-free rate (SFR) for PCNL is higher. 
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Kidney stone 
(all but lower pole stone 10-20 mm) 


10-20 mm 


1. ESWL or URS 
2. PCNL 


1. PCNL 


ESWL or URS or PCNL 2. URS or ESWL 


1. URS or PCNL 
2. ESWL 


Yes 


Unfavorable 
factors for ESWL? 


Lower pole stone 
10-20 mm 


No ESWL or URS or PCNL 


XN 


Fig. 5.6 Treatment algorithm for renal stones. (Adapted from [34] Guidelines on Urolithiasis. 
European association of urology 2020 and [3] AUA/Endourological Society Guidelines for 
Surgical Management of Stones. 2016) 


For renal stones >2 cm, PCNL is considered the first-line treatment [3]. Nevertheless, 
for stones >2 cm, a staged URS is often feasible and in many cases is preferred by 
patients because of the less-invasive nature of the procedure. 


Stone-Free Rate (SFR) 


SFR is the main measure for success of kidney stone surgery. SFR is defined as the 
percentage of patients that are without evidence of stones or without evidence of 
significant stone fragments, as viewed by an image modality after surgery. This defi- 
nition is not uniform among different publications and varies in terms of resultant 
fragment size and post-surgical imaging modality. The most common definition for 
“clinically insignificant residual fragments” (CIRF) (a.k.a. stone-free status) is the 
absence of stone fragments larger than 4 mm regardless of image modality or time 
of image after surgery [35, 36]. The different imaging modalities (RUS, KUB, and 
CT) have different sensitivity and specificity for stone fragments and therefore will 
yield different stone-free rates. The sensitivity and specificity for detection of renal 
stones of RUS, KUB, and CT are 54% and 91%, 57% and 76%, and 98% and 99%, 
respectively [37, 38]. While RUS is an attractive modality due to its availability and 
lack of ionizing radiation, it can lead to over- and underestimation of stone size in 
22% of cases and lead to inappropriate decision-making. When critically assessing 
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treatment results of ureteroscopy and laser lithotripsy, it is essential to know how 
SFR was measured [39]. CT scan is often considered the gold standard but subjects 
the patient to potentially unnecessary radiation exposure for study purposes. 


Measurement of Stone Burden 


The choice of treatment modality is set by the characteristics of the patient and the 
existing stone(s). Perhaps the most important stone characteristic is stone burden. 
Stone burden is determined by the number of stones and stone sizes. The current 
EAU, AUA, and NICE guidelines determine stone size to be the largest diameter 
that can be measured in a preoperative imaging test [3, 34, 40]. However, a luminal 
stone is a three-dimensional object, and many times it is not conveniently shaped as 
a sphere or cube but can be branched with variable dimensions throughout. The 
mere linear length of the stone can greatly underestimate the true stone burden. For 
example, a 2.0 x 1.0 x 1.0 cm stone (which is considered a “2-cm stone”) can yield 
2000 1 mm stone fragments, but a 2.0 x 2.0 x 2.0 cm stone (which is also considered 
a “2-cm stone”) can yield 8000 1 mm stone fragments — with an actual stone burden 
that is four times larger (Fig. 5.7). Using this reasoning, the “ideal 2 cm stone” for 
URS is long but thin, such that it is only 2 cm in one of three dimensions (Fig. 5.8). 


The effect of volume on residual stone fragment production. Not all 2 cm stones are the same. 
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Fig.5.7 Actualstone volume versus stone diameter. The true stone burden is best quantified when 
considering all three dimensions 
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Fig. 5.8 The ideal 2-cm stone for ureteroscopic laser lithotripsy. (a) CT coronal view shows a 
long, thin, left renal stone measuring 20 x 15 x 11 mm. (b) CT axial view. (c) Ureteroscopic view 
of the stone with initiation of laser lithotripsy. (d) Fluoroscopic view of same stone prior to litho- 
tripsy. (e) Same stone after partial laser lithotripsy. (f) Same stone after complete ureteroscopic 
treatment with laser lithotripsy 
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Fig. 5.8 (continued) 


The different stone size measurements (linear diameter, volume, surface area, etc.), 
stone density, collecting system shape, and the different imaging modalities utilized 
can create heterogeneity in the reporting of outcomes, which is imperative to con- 
sider when evaluating reports on stone treatment [41]. 


Technique 


Today, the mainstay of treatment for kidney stones via ureteroscopy utilizes laser 
energy. The two main techniques for laser lithotripsy are dusting of the stone with 
high-frequency/low-power laser followed by postoperative spontaneous passage of 
the small residual stone fragments and fragmentation of the stone with high-power/ 
low-frequency laser followed by active removal of the fragments usually with a 
retrieval device. In a recent prospective study, Humphreys et al. found no difference 
in SFR between the two methods among 159 patients [42]. Still, there is usually a 
personal preference for every surgeon on the method of choice. 


Results 
Stones >2 cm 
As mentioned above, current guidelines consider PCNL as the first-line treatment 


option for stones with a diameter of 2 cm or greater, with URS as a second-line 
option for those patients deemed poor candidates for PCNL for reasons such as 
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inability to stop anticoagulants, medical comorbidities, or anatomic considerations 
[3, 34]. However, there are reports demonstrating good results when using ureteros- 
copy for large stones, conceding that multiple procedures are required at times 
(Table 5.2). In a review of 12 studies and 651 patients, URS with laser lithotripsy for 
stones larger than 2 cm had a mean SFR of 91% and 1.45 procedures per case. 
Complication rate was 8.6%, among them 4.5% major complications but no deaths. 
Stone-free definition was not uniform among these studies and varied between no 
fragments at all and with fragments of up to 4 mm [43]. Usually, larger stones 
should be dusted and not fragmented, because of the technical challenge of actively 
removing a large number of fragments with a retrieval device. Multiple procedures 
are sometimes needed to achieve stone-free status. Hyams et al. found a 63% SFR 
for single-staged URS among 120 patients with kidney stones larger than 2 cm 
(SFR defined as fragments <2 mm). The majority of patients however (84%) under- 
went one procedure [44]. 


Table 5.2 Ureteroscopy and laser lithotripsy for stones >2 cm 


Stone OR 
size time | Mean 
Series N | (cm) (min) | stages SFR Postop evaluation 
Grasso 45 | 2.6 < 1.2 76% (1) KUB 
1998 [57] 180 91% (2) RUS 
93% (3) Second URS 
El-Anany 23 | 2-3 70 1.0 87% 
2001 [58] 71>3 135 42% 
Mariani 63 | 4.4 49 1.7 95% KUB, CT, IVP, second 
2008 [59] URS 
Breda 15122 83 2.3 60% (1) 2nd URS 
2008 [60] 87% (2) 
93% (3) 
Hyams 120 | 2.4 74 1.0 47% (TSF) |RUS, CT 
2010 [44] 66% (< KUB 
2 mm) 
83% 
(<4 mm) 
Al-Qahtani 120 | 2.63 89 1.6 58% (1) KUB, CT 
2012 [61] 87% (2) 
96% (3) 
Cohen 132 | 3.0 _ 1.6 87% KUB, RUS 
2012 [62] 
Miernik 2013 38 | 2.71 95 1.1 82% RUS, CT 
[63] 
Pieras 5412.51 93 1.2 76% KUB, RUS 
2017 [64] 
Huang 2020 [65] | 251 | 2.7 126 |1.4 61.9% (1) KUB / RUS 
82.9% (2) 
89.5% (3) 
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Lower-Pole Stones 


Lower-pole stones are often the most challenging targets for retrograde uretero- 
scopic laser lithotripsy, and achieving stone-free status can be difficult. There are 
multiple technical reasons for this observation: (1) The limitation of ureteroscope 
deflection, which makes the stones more difficult to reach and treat, (2) the potential 
damage to the ureteroscope after enduring long periods of maximal deflection, and 
(3) the limited spontaneous expulsion of residual fragments from the lower pole. 
With the growing experience in working with flexible devices, to encounter a 
difficult-to-reach anatomical location is not common. But, with repeated use, flexi- 
ble ureteroscopes lose part of their ability to deflect as much. One of the parameters 
used to predict potential difficulty in reaching a lower-pole stone is the infundibulo- 
pelvic angle (IPA), which lies at the intersection of the ureteropelvic axis and the 
central axis of the lower-pole infundibulum in question. This angle is best measured 
with retrograde pyelogram or intravenous pyelogram. A steep angle <30—90° has 
been associated with lower SFR with ureteroscopic laser lithotripsy [45, 46]. Several 
strategies have been developed to overcome these difficulties, including advance- 
ments in deflection mechanisms, use of single-use ureteroscopes with “fresh” 
deflection capabilities, and displacement of stones from the lower pole before laser 
lithotripsy [47]. SFR after URS for lower-pole stones has been reported to be 
59%-82.1% [45, 46, 48]. 


Multiple Stones 


The current EAU, AUA, and NICE guidelines set their recommendations on stone 
size, with no reference to stone number [3, 34, 40]. As long as the parameter used is 
stone diameter and not stone volume, the definition of “stone size” will be vague in 
cases involving multiple stones and may not represent stone burden accurately. 
Most define “stone size” to be a summation of sizes of all stones (cumulative stone 
diameter — CSD). This difference between CSD and total volume is more significant 
in larger stone burdens and with greater number of stones [49]. However, stone 
number has been incorporated into scoring systems to predict treatment success and 
risk of complication of URS and PCNL, such as the Resorlu-Unsal score, STONE, 
and CROES nephrolithometry scores [50-52]. Zetumer et al. analyzed 125 patients 
with multiple renal stones and noted that a CSD >20 mm did not necessarily favor 
PCNL over URS as a treatment choice. In fact, patients with more than three stones 
were much more likely to have undergone URS relative to PCNL. Further examina- 
tion of the data showed that a total stone burden of >35 mm was more impactful on 
decision-making than the mere number of stones involved. According to the data, 
89% of patients with stone burden >35 mm had PCNL performed, regardless of 
stone number. For patients with total stone burden <35 mm, those with fewer num- 
ber of stones (2-3) were nearly evenly split between URS and PCNL, 48% and 
52%, respectively. Conversely, in those patients with stone burden <35 mm but with 
more than three stones, URS was performed in 91%. SFR were similar in both 
groups (URS versus PCNL) [53]. 
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Stones in Caliceal Diverticula 


Caliceal diverticula are relatively rare and by definition are cystic cavities lined with 
non-secretory urothelium, which communicate with the remainder of the intrarenal 
luminal collecting system by way of a narrow ostium. In 40% they can be symptom- 
atic, and in up to 50%, there are stones in the diverticula thought to form due to rela- 
tively static urine [54, 55]. Treatment options for symptomatic diverticula depend 
on the location of the diverticula and the stone burden. Ureteroscopy is an appealing 
approach especially in middle and upper pole diverticula where access is relatively 
easier and anterior calyces where percutaneous access is difficult. Posterior diver- 
ticula, especially in the lower pole or with relatively large stone burdens, are best 
accessed percutaneously. 

From a technical standpoint, the ostium of the diverticula can be difficult to 
identify in some cases. If so, it is possible to use a refluxing technique with inject- 
ing methylene blue next to the presumed location of the ostium. Then saline 
irrigation is continued until the dye is cleared from the system. Refluxing of the 
methylene blue will mark the ostium of the diverticula. After identification of the 
ostium, a safety wire may be inserted into the diverticulum, and if needed, its 
neck can be incised with a laser or dilated to enable access. Stones should be 
treated with laser lithotripsy. When the stone burden is cleared, consideration 
must be given to ablation of the mucosal surface lining which can be coagulated 
with laser or electrocautery. In a systematic review, which included 19 retrospec- 
tive studies and 757 patients, the stone-free rate for URS was 61.4% with 67.9% 
symptom-free rate. SFR was 83% and only 21.3% for PCNL and ESWL, respect- 
fully. The complication rate was relatively low for URS at 3.3% but 11.9% for 
PCNL [56]. 


Conclusion 


According to multiple stone treatment guidelines, URS is a first-line option for non- 
lower-pole stones less than 20 mm in greatest diameter and lower-pole stones less 
than 10 mm in diameter. Stones greater than 2 cm can be treated with URS, but 
patients should be counseled that more than one procedure might be necessary. The 
versatility of URS allows for adaptability and application to other situations includ- 
ing patients with multiple renal stones and select cases in which there is a stone in a 
calyceal diverticulum. 
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Post Ureteroscopic Evaluation: Short and Long Term 


Etienne Xavier Keller, Vincent De Coninck, Steeve Doizi and Olivier Traxer 


Short Term 
Patient Monitoring 


The basic protocol for monitoring of short-term complications after ureteroscopy 
(URS) includes vital sign parameter monitoring (heart rate, blood pressure, respira- 
tory rate, and temperature), pain evaluation, and visual inspection of urine. In the 
absence of bladder catheterization or in case of early catheter withdrawal, proper 
spontaneous micturition needs to be ensured. Unrecognized gross hematuria puts 
the patient at risk of delayed blood loss identification and at risk of acute urinary 
retention due to retained intravesical blood clots. 


Outpatient Clinic or Overnight Stay 


First reports of URS on an outpatient basis came in the early 1990s [66]. This strat- 
egy seems feasible without complications for up to 78% of all patients [67]. Patient 
selection is generally based on comorbidities, operative complexity, and social fac- 
tors. Predictors in favor of post-procedural pain and same-day hospital readmission 
include extended operative time, ureteral stenting, bilateral procedures, as well as 
any stone location other than the distal ureter [67-69]. Noteworthy, the most lethal 
threat to the patient after ureteroscopy is potential systemic inflammatory response 
syndrome (SIRS) [70]. Patients who are suspected to be at high risk for SIRS after 
URS should be carefully monitored, and overnight stay should be considered. 


SIRS and Sepsis 


SIRS results from the systemic release of inflammatory cytokines by the immune 
system, inducing a cascade of events typically leading to fever, tachycardia, tachy- 
pnea, white blood cell release, and eventual life-threatening organ dysfunction. As 
for URS, SIRS is usually a consequence of an infectious insult, which in turn defines 
sepsis. Up to 3.4% of all patients undergoing URS may have an unplanned hospital 
readmission for a genitourinary infection, which seems associated with preopera- 
tive stenting and operative time [71]. Notably, an unrecognized colonization of the 
upper tract might be present at the time of URS, despite having obtained negative 
mid-stream urine cultures [72]. 

Urologists have to feel confident with the definition of SIRS and sepsis in order 
to detect signs and symptoms ensuring timely treatment of such conditions. Until 
recently, sepsis was defined by the presence of at least two out of four SIRS criteria, 
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with a confirmed or suspected infection [73, 74]. In 2016, an updated definition of 
sepsis had been proposed in a consensus article, abandoning the use of SIRS criteria 
[75]. This new proposal presupposes a life-threatening organ dysfunction to be pres- 
ent and follows a Sequential Organ Failure Assessment (SOFA) scoring. This 
updated definition had a superior predictive validity over SIRS criteria for mortality 
[76]. À major limitation to the SOFA scoring is the complexity of parameter 
retrieval, which may lead to delayed identification of sepsis. Therefore, a “quick 
SOFA” scoring (qSOFA) has been proposed. Table 5.3 offers a comparative over- 
view of SIRS criteria, SOFA, and qSOFA scoring. 


Post-Procedural Stenting 


Urine transport from the kidney to the bladder may be compromised by eventual 
ureteral wall edema caused by mechanical stress during URS. This may result in 
pain, infection, unplanned hospital readmission, and emergency operative decom- 
pression. Short-term ureteral stenting has therefore become a common routine after 


Table 5.3 Comparison of sepsis criteria 


Score range 


Systemic inflammatory 
response syndrome 
(SIRS) 


0-4 criteria 


Sequential Organ Failure 
Assessment 

(SOFA) 

0-24 points 

(0-4 points per variable) 


Quick Sequential Organ 
Failure Assessment 
(qSOFA) 

0-3 points 

(1 point per variable) 


Definitions 


SIRS: Two or more 
criteria 

Sepsis: + confirmed or 
suspected infection 
Severe sepsis: + organ 
failure 


Sepsis: life-threatening 
organ dysfunction in 
response to infection 
Organ dysfunction: acute 
change in total SOFA 
score >2 points 
consequent to infection 


Bedside criteria to identify 
adult patients with suspected 
infection who are likely to 
have poor outcomes if >2 
points 


Vital Temperature >38 °C or | Glasgow coma scale Altered mentation 
parameters | <36 °C 
Heart rate >90/min Mean arterial pressure, Systolic blood pressure 
+/— concomitant <100 mmHg 
administration of 
vasopressors 
Respiratory rate >20/ Urine output/24 h Respiratory rate >22/min 
min 
Laboratory | PaCO2 <32 mmHg PaO2/Fi02 ratio 
tests White blood cell count | Platelet count 
>12,000/mm°, <4000/ 
mms, or >10% 
immature band forms 
Bilirubin 
Serum creatinine 
References | Bone et al. [73] Singer et al. [75] Singer et al. [75] 
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URS, but patient selection is not well established [77]. Currently available evidence 
suggests past history of urolithiasis as well as recent or recurrent infection as strong 
predictors of morbidity after URS without a stent [77]. 

Most of the body of evidence on benefits and drawbacks of ureteral stenting 
arises from studies on ureteral access sheaths (UASs). The discrepancy between the 
UAS outer diameter (11.5-18 Fr) and native ureter diameter (6-9 Fr) explains the 
propensity of UAS for ureteral wall edema, which seems most pronounced at 
72 hours postoperatively [14, 78]. Ureteral stenting after the use of a UAS is associ- 
ated with lower overall pain score and re-intervention rates [79, 80]. A recent meta- 
analysis on URS confirmed a significantly lower risk of unplanned medical visit for 
patients with post-procedural stenting [81]. Duration of post-procedural stenting is 
not well established, but 85% of the responders to a worldwide questionnaire study 
would remove the stent within 7 days [82]. Post-procedural stenting is associated 
with a higher risk for irritative urinary symptoms and hematuria [83]. Many efforts 
have been put toward reducing morbidity associated with ureteral stents, but neither 
material proprieties, geometry, length, nor catheter coating variations have been 
successful [84, 85]. Recent reports suggest alpha-blockers, anti-cholinergics or a 
combination of both for an adequate reduction of irritative urinary symptoms 
[86, 87]. 

Rather than questioning the benefit of post-procedural stenting, future studies 
should examine which risk factors might predict the need for re-intervention follow- 
ing URS when a stent is omitted. Attention should be directed to scoring the severity 
of ureteral wall insult following ureteroscopic manipulation and using this as a pos- 
sible predictor of when a post-procedural stent is truly indicated [88, 89]. 


Long Term 
Assessment and Management of Residual Stone Disease 


Clearance of all stones and fragments shall be the aim of any active stone treatment. 
However, there is no consensus on the definition of clinically insignificant residual 
fragments (RFs). Also, imaging modality and exact time after the procedure to 
detect them are subject to ongoing debate. 

Historically, RFs of <4 mm following extracorporeal shockwave lithotripsy were 
accepted as clinically insignificant, considering their potential ability to pass spon- 
taneously [90]. In long-term studies, it became apparent that RFs were prone to re- 
growth and to re-intervention [91, 92]. A recent multi-center analysis revealed a 
re-intervention rate of 29% and an overall complication rate of 44% within 
17 months for patients diagnosed with RF of any size after URS. 

Computed tomography (CT) is the current gold standard for post-procedural 
evaluation, owing to a sensitivity of almost 100% for RF, when compared to 71% 
for kidney-ureter-bladder (KUB) plain X-ray and 53% for ultrasonography (US) 
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[93]. The downside of CT is a rather low specificity of 62%, caused by false-positive 
interpretation of Randall's plaques and intraparenchymal calcifications [94]. 

Based on the currently available evidence, one may propose an active re- 
intervention for any remaining renal fragments of >4 mm, based on the association 
with stone re-growth, complications, and re-interventions [35]. 


Ureteral Strictures 


Prevalence and incidence of ureteral strictures in modern URS is not well estab- 
lished, and currently available evidence is based on few studies where earlier gen- 
eration devices were used. Predictors for post-procedural ureteral stricture include 
impacted edematous ureteral stones and ureteral perforation, with the impacted 
stone being a frequently reported risk factor for ureteral perforation [95, 96]. A 
recent meta-analysis suggests a higher risk for ureteral stricture formation after 
holmium:yttrium-aluminum-garnet (Ho:YAG) laser lithotripsy, when compared to 
pneumatic lithotripsy [21]. One explanation may be the potential thermal injury to 
the ureteral wall from Ho:YAG lithotripsy [97]. Concerning UAS, the risk for ure- 
teral stricture formation has not been well established to date but may be associated 
with increasing outer diameter of UASs [98]. 

Because the time between stricture formation and the appearance of clinical 
signs resulting from urine transport impairment can be highly variable, routine clin- 
ical and sonographic evaluation is recommended postoperatively [37]. Also, patients 
should be well informed to consider medical consultation in case of prolonged flank 
pain after URS, which may be a symptom of hydronephrosis. 


Metabolic Evaluation 


Indications and benefits of metabolic evaluation are subject to another chapter of 
this book and are therefore not further detailed here. 


Conclusions 


Ureteroscopic approach to stone disease includes responsible post-procedural care 
to patients. Any urologist performing URS must feel comfortable with all aspects of 
post-procedural short- and long-term evaluation. The approach will maximize out- 
comes and minimize morbidity. 
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Techniques for Ureteroscopic Holmium Laser Lithotripsy 


Thomas J. Hardacker and Scott G. Hubosky 


Introduction 


Holmium:yttrium aluminum garnet (Ho:YAG) lasers, coupled with increasingly 
refined small-caliber flexible ureteroscopes, have made accessing and fragmenting 
stones throughout the entirety of the genitourinary tract feasible. At a wavelength of 
2120 nm, holmium laser energy can fragment any composition of urinary tract stone 
and has been shown to produce relatively smaller stone fragments compared to 
other modalities, such as electrohydraulic lithotripsy (EHL) [99]. Holmium lasers 
induce stone fragmentation primarily by a photothermal mechanism, by which pho- 
tons are transferred through the laser fiber to water within the stone, where they are 
absorbed and energy is ultimately released as heat [100, 101]. Laser fibers are avail- 
able in varying sizes, typically ranging from 200 to 365 um for ureteroscopic proce- 
dures. While typically more expensive, 200 um fibers allow for enhanced irrigant 
flow leading to potentially better visualization. Furthermore, smaller diameter fibers 
allow for less inhibition of maximal ureteroscope deflection, which is particularly 
useful when treating lower-pole stones. 

After safely deploying a semi-rigid or flexible ureteroscope into the ureter or 
renal pelvis, a laser fiber is placed through the working channel and positioned such 
that the tip is easily visible beyond the ureteroscope tip. Holmium laser energy func- 
tions optimally when the tip of the laser fiber is in contact with the stone when 
activated, resulting in efficient transfer of energy manifesting in stone fragmenta- 
tion. The resultant effect of the laser on stone treatment is a function of two vari- 
ables, the energy (J) and frequency (Hz). Each can be adjusted depending on the 
overall intent of fragmentation and has resulted in the description of two distinct but 
not mutually exclusive methods of treatment — dusting (lower-power, high-frequency 
settings) and fragmentation with extraction (high-power, low-frequency settings). 
Benefits of dusting potentially include decreased operative time, lower cost, and 
decreased ureteral trauma as it avoids multiple basketing attempts to remove all 
stone fragments from the collecting system [35, 42, 102]. Fragmentation with stone 
extraction demonstrates benefits including a higher stone-free rate and potentially 
fewer stone events following treatment with ureteroscopy. Furthermore, it allows 
for stone analysis, guiding metabolic prevention in the future [35]. 


Dusting 


Dusting technique utilizes fine movements of the ureteroscope tip to systematically 
ablate the periphery of the stone. In doing this, the goal is to produce fine particles 
that resemble dust and will pass spontaneously after the procedure (Fig. 5.9). This 
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Fig.5.9 Dusting technique for a 2-cm renal stone. (a) Stone prior to treatment with laser fiber at 
the ready. (b) Painting the periphery of the stone demonstrates methodical fragmentation. (c) Small 
resultant fragments relative to a 365-micron laser fiber (right) 


strategy utilizes low-power and high-frequency laser settings for optimal results, 
typically 0.2-0.4 J and 20-80 Hz [103]. These settings, coupled with a long pulse 
width, decrease retropulsion, resulting in smaller resultant fragments [42, 104]. 
Production of fine resultant particles that will pass spontaneously reduces potential 
ureteral trauma from repeated basketing attempts and theoretically decreases asso- 
ciated operative time. 

As the stone is progressively reduced in size, the energy delivered will eventually 
exceed that of the remaining calculus, resulting in increased stone motion. This 
remaining piece can either be fragmented and extracted or further reduced using 
other techniques, such as “popcorning.” “Popcorning” is a technique in which mul- 
tiple stone fragments are treated within a confined calyx with laser settings of 1.0 J 
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and 20 Hz [105]. The laser fiber is activated while several millimeters away from the 
fragments, causing the calculi to bounce rapidly and come in contact with the fiber, 
resulting in further fragmentation. An equally important advantage of the popcorn 
setting is that it scatters the smallest resultant stone fragments, which can coalesce 
in a calyx, making it easier to detect fragments still in need of further refinement. 
Commonly, resultant stone fragments smaller than 3—4 mm are deemed sufficient 
for spontaneous passage. Several techniques can be employed in order to gauge the 
size of remaining stone fragments after treatment. Primarily, the surgeon can visu- 
ally measure any resultant fragments against the size of the laser fiber or safety wire 
in use. Secondly, if any fragments are basketed and removed, these can be measured 
after extraction, giving a general sense of remaining fragment size [102]. Ongoing 
research involving novel software to accurately measure stone fragments during 
ureteroscopy has been shown to be accurate within 0.2 mm and has the potential to 
aid in objective intraoperative stone size assessment [106]. 


Fragmentation and Extraction 


The aim of fragmentation and extraction is to create resultant pieces of stone that 
are small enough to safely remove with a basket or grasper. In practice, the goal is 
to completely remove all stone fragments, so as to leave the patient with no nidus 
for future stone growth, nor with any particles to potentially cause pain or necessi- 
tate re-intervention during spontaneous passage. Holmium laser settings are typi- 
cally between 0.6-1.0 J and 6-10 Hz, with the surgeon beginning at a lower energy 
and frequency and increasing if necessary, depending on stone characteristics. 
These settings have been shown to cause larger stone fragmentation size, which is 
ideal for extraction [107]. The center of the stone is targeted, using the laser fiber to 
pin the calculus against the urothelial wall with the aim of creating successive halves 
that can then be extracted [108]. Depending on stone size, ureteral access sheaths 
(UASs) are deployed in order to aid with multiple basketing attempts required to 
clear remaining stone burden (Fig. 5.10). 

Fragmentation and stone extraction are beneficial in that it confers a higher 
stone-free rate compared to dusting, which has several advantages. First, any 
remaining stone fragments can serve as a nidus for future stone growth, and this is 
avoided by this method. Second, stone particles remaining within the collecting 
system can cause pain and occasionally need for re-intervention during spontaneous 
passage. Furthermore, the removal of stone fragments allows for metabolic analy- 
sis, which can be beneficial when counseling patients on future stone preventive 
measures. Despite these advantages, this technique can result in increased operative 
time as a result of multiple basketing attempts, particularly in cases with large 
stone burden. 
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Fig.5.10 Laser 
fragmentation with 
resultant fragments 
between 3 and 4 mm 
removed with basket 
extraction 


Conclusions 


Several studies have examined stone-free rates when comparing dusting and frag- 
mentation techniques [42, 109]. One retrospective review found an increased rate of 
unplanned medical visits in the dusting group as compared to fragmentation, though 
this only included ureteral stones, and postoperative stents were not routinely placed 
[109]. In the more recent prospective, multi-institutional study, the stone-free rate 
between the two techniques did not differ significantly on multivariate analysis 
despite larger stone size in the dusting group, nor did postoperative complications, 
including symptoms or need for re-intervention [42]. Furthermore, dusting resulted 
in a 44% reduction in OR time — approximately 38 minutes — as compared to frag- 
mentation. In addition, ureteral access sheaths (UASs) are optional when dusting, 
which is an added benefit, since UAS placement is not completely innocuous and 
leads to violation of ureteral wall smooth muscle layers in up to 13% of cases [88]. 

Clearly, each technique has its own individual benefits and risks. Fragmentation 
with stone extraction appears more efficient for smaller stones, particularly those in 
the ureter in which all fragments can be safely removed with limited basketing 
attempts. This yields a lower future risk of stone formation, as all fragments are 
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removed from the collecting system leaving no nidus for future stone growth. 
Furthermore, this may result in fewer postoperative symptoms and unplanned medi- 
cal visits, as suggested by some studies [109]. Dusting appears more efficient for 
larger stones, in which removal of all fragments would require significant basketing 
and increased operative time. This technique would allow for efficient stone abla- 
tion with apparently similar stone-free rates as compared to fragmentation [42]. 
Ultimately, both methods have utility in the treatment of urinary calculi and should 
not be considered as mutually exclusive but rather as complimentary, depending on 
the particular situation. Newer laser generators are now manufactured with features 
such as dual control pedals (Fig. 5.11), allowing the surgeon to seamlessly switch 
between dusting and fragmenting settings as appropriate. 


Selection and Need for Metabolic Evaluation 


Vincent De Coninck, Etienne Xavier Keller, and Olivier Traxer 


Introduction 


The main aim of performing a metabolic evaluation is discovering underlying 
causes and diseases responsible for stone formation. Generally, stratification is 
based on standard history, physical examination, basic urinary and blood analysis, 
radiological examination, and stone analysis. In the absence of overt risk factors, 
empiric preventative measures including appropriate fluid intake, balanced diet, and 
lifestyle advice are sufficient for relatively low-risk patients. Low-risk individuals 
are first-time stone formers, who present in adulthood with a single stone and no 
other risk factors. In the presence of risk factors, a specific metabolic evaluation 
with two 24-hour urine collections is recommended [110] in order to exclude under- 
lying diseases and to tailor an individualized stone prevention strategy. High-risk 
individuals are repeat stone formers, patients presenting with multiple stones, posi- 
tive family history of stones, pediatric patients, or those with other lithogenic condi- 
tions such as enteric hyperoxaluria, gout, metabolic syndrome, cystinuria, distal 
renal tubule acidosis, or hyperparathyroidism, to name a few. 


Standard History and Physical Examination 


A thorough medical history and physical examination are necessary for getting a 
simple perspective for a patient’s stone risk. It may spare certain portions of the 
work-up when patients are, for example, at risk for low urinary volumes (e.g., ath- 
letes, teachers, drivers, or people living or working in hot environments). Just 
increasing fluid intake may prevent stone formation for these patients. Further, it 
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Fig. 5.11 One hundred twenty-watt holmium:YAG laser generator (Lumenis, Yokneam, Israel). 
(a) High-powered 120-watt laser unit. (b) Dual pedals allow the surgeon to alternate between pre- 
set laser dosimetry settings. (c) Unit console shows dusting settings for the left pedal and fragment- 
ing settings for the right pedal 
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involves questioning about age of first stone diagnosis, medical (e.g., urinary tract 
infections, diarrhea, gout, diabetes, inflammatory bowel disease) and surgical (e.g., 
fracture, bariatric surgery, bowel resection) history, and medication (e.g., protease 
inhibitors, carbonic anhydrase inhibitors, supplements of vitamins, or calcium) 
[111]. Dietary evaluation should include the quantity of intake of fluid (including 
type of fluids), calcium (including over-the-counter antacids), animal proteins, 
purines, sodium, and oxalate. During physical examination, obesity, hypertension, 
and scars related to surgery should not be overlooked. 


Basic Urinary and Blood Analysis 


Each patient with urolithiasis needs a succinct blood and urine analysis to identify 
biochemical causes of stone formation [3, 5]. Blood analysis should include glu- 
cose, creatinine, uric acid, sodium, potassium, and calcium. Consideration should 
also be given to the parathyroid hormone level and serum urate. Occasionally, uro- 
lithiasis may represent initial manifestation of diabetes (hyperglycemia), primary 
hyperparathyroidism, or sarcoidosis (hypercalcemia). Urinalysis includes red and 
white blood cells, nitrite, pH, and culture. Urinary pH levels constantly above 5.8 in 
the day profile should give cause for measuring serum bicarbonate. When the latter 
is low, renal tubular acidosis may be identified, leading to calcium phosphate stone 
formation. 


Radiology 


Ultrasound, plain abdominal film, and (low-dose) computed tomography disclose 
information about stone characteristics, including the number of stones, size, mor- 
phology, and radiopacity. Nephrocalcinosis and anatomical anomalies favoring 
stones like medullary sponge kidney, calyceal diverticula ureteropelvic junction 
obstructions, and horseshoe kidney can also be found. 


Stone Examination 


After ureteroscopy, the stone or fragments of the stone of every patient should be 
sent for determination of composition by X-ray diffraction or infrared spectroscopy. 
However, stone characterization can already be performed during ureteroscopy 
[112]. Surface characterization is based on the color, size, pattern and aspect of 
crystals, and morphological particularities (like papillary umbilication with 
Randall’s plaque) (Table 5.4). During lithotripsy, internal features like concentric, 
radial, compact, or loose structure and the organization of alternating layers can 
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help in determining the stone type. Other important marks for understanding the 
lithogenic process are the localization of the stone (e.g., diverticulum, bladder), its 
mounting surface, and its metabolic activity (e.g., grayish layer of crystals covering 
the stone surface indicating recent episode of hyperoxaluria) [113]. Considering all 
these parameters will help in the early detection of certain pathologies when blood 
and urine analysis may initially still be normal. 

Calcium oxalate monohydrate or whewellite stones (type I) are associated with 
hyperoxaluria. This can be caused by extensive oxalate intake or inadequate fluid 
intake, inflammatory bowel diseases, short bowel syndrome, or genetic disorders. 
Noticing subtype Ic stones should raise a red flag since they are pathognomonic for 
primary hyperoxaluria and cause renal failure as early as infancy. A high proportion 
of calcium oxalate stones are a mixture of whewellite and weddellite (type ID 
stones. The latter are associated with hypercalciuria. Hyperuricosuria can provoke 
type II stones. They are subdivided in uric acid stones (type Illa and IIIb) and urate 
stones (type IIc and Id). Patients diagnosed with type Id stones should be sus- 
pected for chronic diarrhea with phosphorus deficiency and malnutrition. Type IVa 
carbapatite stones are frequently found in patients with chronic urinary tract infec- 
tions. Other causes include renal tubular acidosis (type IVa2) or primary hyperpara- 
thyroidism (type IVd, or type Ia or b with IVal). When smelling sulfide and seeing 
white bubbles during lithotripsy, diagnosis of cystinuria (type V) is made intraop- 
eratively (Figs. 5.12, 5.13, 5.14, 5.15, 5.16, and 5.17). 

Since less than 10% of stones are pure, it is important to identify the composition 
during ureteroscopy when only a couple of fragments are sent for analysis. Frequent 
stone associations are la or Ib + Ila or IIb in case of intermittent hyperoxaluria and 
hypercalciuria, Ia or Ib + [Val in case of absorptive or resorptive hypercalciuria, 
and Ia + IIb in case of metabolic syndrome and/or type 2 diabetes with 
hyperoxaluria. 


Twenty-Four-Hour Urine Collection and Early Morning Urine 


Twenty-four-hour urine analysis should include total volume, creatinine, calcium, 
sodium, urea, and uric acid. Early morning urine includes pH and osmolality. These 
tests are performed at least 1 month after surgery when the patient is on a self- 
determined diet under normal daily conditions. However, it is widely discussed if 
these collections should be part of a basic assessment or not. The advantages of 
these cheap exams are the additional value in diagnosing underlying diseases, 
understanding lithogenic processes, and monitoring patients during follow-up. 
Intake of fluid (including dispersion), salt, and animal proteins is easily recorded, 
and the hypocalciuric effect of thiazides can be followed up. 
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Fig. 5.12 Stone type I: Main morphological stone surface characteristics. Stone subtype Ia 
(upper left), Ib (upper right), Ic (middle left), Id (middle right), Ie (bottom left) 


Fig. 5.13 Stone type H: Main morphological stone surface characteristics. Stone subtype lla 
(upper left), Hb (upper right), Ic (bottom left) 


Fig. 5.14 Stone type HI: Main morphological stone surface characteristics. Stone subtype 
Ifa (upper left), IIb (upper right), IIc (bottom left), Id (bottom right) 


140 E. X. Keller et al. 


Fig. 5.15 Stone type IV: Main morphological stone surface characteristics. Stone subtype 
IVal (upper left), IVa2 (upper right), IVb (middle left), IVc (middle right), [Vd (bottom left) 


Fig. 5.16 Stone type V: Main morphological stone surface characteristics. Stone subtype Va 
(up), Vb (down) 
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Fig.5.17 Stone type VI: Main morphological stone section characteristics. Stone subtype Vla 
(upper left), VIb (upper right and bottom left) 


Selection for Further Metabolic Evaluation 


Selecting patients for further metabolic evaluation should be individualized. It is 
based on standard history, physical examination, urinary and blood analysis, radio- 
logical examination, and stone analysis. Even if more than 50% of all recurrent 
stone formers have only one recurrence during their lives [114], it is important to 
understand the lithogenic process to exclude underlying diseases. All patients with 
other stones than type Ia, Ib, Ia, or IIb should be selected for further metabolic 
evaluation after the initial stone episode. Preventive general measures may be suf- 
ficient for patients with type Ia, Ib, Ia, and IIb stones, unless in case of early onset 
of stone formation, multiple stones, stone recurrence, underlying metabolic disor- 
der, drug-induced stone formation, diseases or environmental factors associated 
with stone formation, genetically determined stone formation, anatomical abnor- 
malities associated with stone formation, solitary kidney, or stones of unknown 
composition. These patients should undergo a specific metabolic evaluation and 
stone-specific recurrence prevention. 
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Conclusion 


At least half of all stone-forming patients will have a recurrent stone within 10 years 
of initial presentation. Developing a preventative plan is essential and starts with 
risk stratification. The work-up always includes medical history, physical exam, 
UA, serum studies, stone composition analysis, radiographic studies, and in high- 
risk individuals 24-hour urine collection to study urinary parameters. 


Positioning for Ureteroscopy 


Demetrius Bagley, Maryann Sogzoni-Cella, and Scott G. Hubosky 


Introduction 


Positioning of a patient for an endoscopic procedure must be designed to give opti- 
mal access for the urologist and the anesthesiologist with the greatest safety for the 
patient. The needs will vary with the intended procedure, the type of anesthesia, and 
the individual patient. Discussion is limited to ureteroscopy as the sole primary 
procedure or in combination with other procedures. 

There are many patient factors beyond the disease being treated that affect the 
positioning. These include external genitalia and urethra, body weight and habitus, 
and mobility of the patient's limbs. The genitalia defines the position and accessibil- 
ity of the urethral meatus. For example, in a male patient, the urethra is readily 
accessible even in the supine position for flexible endoscopy. In the female, the 
urethra is readily accessible only with abduction of the legs and is best in lithotomy. 
A patient with severe contractures of the extremities presents unique limitations in 
the options for positioning. It may be helpful to position these patients before induc- 
tion of any anesthesia so that they can recognize and verbalize any discomfort 
related to position. Body weight at either the high or low end of the normal range 
demands specific handling for positioning. 

Safety of the patient remains foremost as the guide for positioning. Three sub- 
jects must be considered when placing the patient in any position for an endoscopic 
or operative procedure. These points are considered in the description of each spe- 
cific position. 


1. The patient’s limbs and body should remain in as natural and neutral position as 
possible. 

2. Safely secure the patient to the bed or operative table in accordance with the 
individual facility’s policy to avoid any change in position during the procedure 
and to eliminate any risk of falling. 

3. To prevent patients from developing a pressure injury, all potential pressure 
points should be identified and protected with appropriate cushioning through- 
out the length of the procedure. 
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Lithotomy Position 


The standard lithotomy position is the first choice when ureteroscopy, rigid or flex- 
ible, is the primary or sole intended procedure in patients either of sex or of nearly 
any body weight. Patients are initially placed supine on the endoscopy table with 
their legs subsequently elevated, abducted, and supported by stirrups. The foot end 
of the table is then either removed or lowered toward the floor depending on the 
design in order to free the area between the legs and near the perineum for access to 
the urethra. Specific care must be taken to avoid over-abduction of the legs, rotation 
of the leg, or excessive flexion of the hip or knee, and the legs must remain safely 
secured in the stirrups at all times. 

There are several types of stirrups designed to support the legs. The simplest are 
the candy cane and the knee crutches. The candy cane is placed at the bottom of the 
shortened table with a simple dual strap placed on the foot and ankle to support the 
leg. Since there is a risk of the leg pressing laterally against the shaft of the stirrup, 
it must be carefully padded to avoid nerve compression. The knee crutch, also 
placed at the end of the shortened table, supports the leg under the knee. It requires 
considerable cushioning to avoid compression of the vessels and nerves at the knee. 
These designs are acceptable only for short procedures, preferably when the patient 
is awake and can potentially recognize discomfort from pressure. They are more 
commonly seen in the outpatient area where there are shorter procedures and where 


Fig. 5.18 Dorsal lithotomy with Allen Stirrups. (a) Allen stirrups (yellow) facilitate dorsal lithot- 
omy position. (b) Adjustments can be made to optimize knee flexion depending on the height of 
the patient (black arrow). (c) Hip abduction can be adjusted with single-handed control handle 
(black arrow). Pink stirrups better accommodate obese patients 
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general or regional anesthesia is less common. They also have the benefit of a lower 
cost than more advanced stirrup models [115]. 

The Allen stirrup design has become the standard for urologic procedures requir- 
ing the lithotomy position (Fig. 5.18). It provides support for the foot and ankle or 
lower leg with extensive padding in those areas. The stirrups can be elevated distally 
to promote venous drainage. The position of the stirrup and leg can be changed with 
single-handed release of the control handle. Care must be taken to avoid angulation 
of the proximal portion of the leg support to avoid compression against the poste- 
rior leg. 

The patient should be secured to the table to minimize movement by the patient 
or if changing the position of the table. The patient’s trunk is secured with a strap. 
The legs are secured when the Allen style stirrups are used. Thigh straps can also be 
used, particularly while caring for a patient with obesity. If the Trendelenburg posi- 
tion is anticipated during the procedure, then shoulder holders are placed. Earlier 
during the development of ureteroscopy, there was support for different versions 
described with elevation or abduction of the ipsilateral or contralateral leg. More 
recently it has become clear with the availability of boot or Allen-style stirrups that 
modifications can be made as necessary during treatment. 

After positioning, the genitalia and perineum are prepared with the prep solu- 
tions of choice. Although it was once popular, shaving or clipping of the genital and 
perineal hair is not necessary. Drapes are placed allowing access to the urethra while 
covering the legs and abdomen. 


Modifications of Lithotomy 


As noted above, there can be minor modifications with changes in the position of 
the patient’s legs. As an example, access with a rigid endoscope into one ureter may 
require abduction of the contralateral leg or possibly abduction and elevation of that 
leg. With a flexible endoscope, this is usually not necessary. 

During treatment, it may be useful to change the position of the entire endo- 
scopic table. For example, steep Trendelenburg will promote movement of stones or 
fragments of stones into the upper infundibula from the pelvis or lower pole within 
the kidney. Elevation of the ipsilateral flank with rotation of the table promotes 
movement of fragments from the lateral calyces into the renal pelvis. Various com- 
binations of these maneuvers can be used to advantage. With these maneuvers, it is 
essential to confirm the stability of the patient on the operative table and within the 
stirrups. 
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Reverse Lithotomy 


Some of the major variations of lithotomy have been designed to permit simultane- 
ous ureteroscopic and percutaneous access to the kidney and ureter. One of the earli- 
est modifications was described as reverse lithotomy. Limitations of instrumentation 
at the time necessitated a specific positioning for simultaneous endoscopic proce- 
dures. The patient was placed prone on the operating table, and the lower portion of 
the table placed fully down toward the floor. The patient’s knees were supported in 
special angled crutches which were slightly abducted and which were attached at 
the end of the table. In the three female patients described, the urethra and distal 
ureter became available to a rigid ureteroscope. Simultaneously direct access is pro- 
vided through the standard posterior nephrostomy site for rigid and flexible nephro- 
scopes [116]. 


Lithotomy with Flank Roll 


Another modification is more useful for patients of either sex. The lithotomy posi- 
tion is modified by elevating the ipsilateral flank on a roll placed inferior to the 
nephrostomy site giving the flank roll version (Fig. 5.19). Retrograde ureteral 
endoscopy has nearly standard access, while the nephrostomy site, particularly 
those located slightly more laterally, is accessible from the side of the table. Access 
for the anesthesiologist has similar benefits of the supine position. The patient's 
ipsilateral arm is placed across the chest or on a stand over the chest with appropri- 
ate cushioning to maintain skin integrity and prevent the nerve damage. It is neces- 
sary to use great care in positioning the patient’s lateral flank. If it is too far to the 
side of the table, the metal support in the table itself will obscure the fluoroscopic 
image. If it is too far medially, it will be very difficult to reach the kidney with the 
rigid endoscope. Here again appropriate considerations and interventions are needed 
at any pressure points. This position can be used with the standard operating/endos- 
copy table without a special design [117]. 

This position is similar to the Valdivia or modified Valdivia position which has 
been used for lateral percutaneous access to the kidney with the patient in the supine 
position. It offers the same advantages as a flank roll with the addition of better 
access to the nephrostomy site [118—120]. 


Prone Split Leg 


The prone split leg position gives excellent access to a nephrostomy site placed in 
the prone position and for flexible retrograde ureteroscopy in patients of either sex. 
Anesthesia is induced in the supine position, and the patient is then carefully placed 
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Fig. 5.19 Lithotomy with flank roll. (a) Note the gel-roll (white star) under the ipsilateral flank, 
which extends from the left shoulder to the left hip. This allows access to the left PCN tube (black 
arrow). The patient is secured to the bed in three spots with 3-inch tape (black stars). (b) Note the 
shift in the patient's hips, placing pressure on the right buttock. (c) The ipsilateral (left) arm is 
brought across the torso, padded and taped (white arrow). (d) Extra padding is placed at the medial 
aspect of the ipsilateral knee (white arrow). (e) Extra padding is placed at the lateral aspect of the 
contralateral knee (while arrow) 
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Fig. 5.20 Prone split leg position. (a) The patient in prone position, supported by gel-rolls. (b) 
Legs are split on separate individual leg supports, which can be pulled apart in order to abduct the 
legs and give access to the perineum (white double arrow). Note the Foley catheter and retrograde 
ureteral catheter 


into the prone position on the appropriate operating table by the surgical team. The 
table must be specifically equipped with movable leg supports. The prone position 
requires special consideration for pressure points, and positioning aids should be 
decided upon prior to positioning the patient. Specifically in our practice, the patient 
is anesthetized in the supine position on the stretcher. A ureteral guidewire or cath- 
eter is placed with a flexible cystoscope in that position. It is easier in that way than 
when the male patient is prone. A Foley catheter with a hole punched in the tip or a 
council-tip catheter is also placed. A wire can be placed through the catheter to be 
available to guide a flexible cystoscope into the bladder when in the prone position. 
The surgical team then rolls the patient into the prone position on the appropriate 
operative table. The patient’s genitalia are placed at the lower margin of the table for 
urethral access in that position. Each leg is separately secured to the ipsilateral split 
leg support (Fig. 5.20). They can then be abducted without being flexed. Each oper- 
ative area is prepped and draped separately [121, 122]. 
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Conclusions 


The most commonly used position for ureteroscopy is lithotomy or a modified ver- 
sion. The prone split leg position is now commonly used for combined percutaneous 
and urethral access. It is extremely important to maintain patient safety during the 
procedure with appropriate cushioning and neutral positions. 
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Diagnosis of Upper Tract Urothelial Carcinoma 


Benjamin H. Rudnik, Scott G. Hubosky, Kim HooKim 
and Demetrius H. Bagley 


Imaging 


Radiographic evaluation plays a critical role in the evaluation of upper tract urothelial 
carcinoma (UTUC). Intravenous pyelography was traditionally used as the primary 
imaging modality for detecting upper tract lesions; however it has largely been 
replaced by intravenous contrast-based computed tomographic urography (CTU). 
Radiographic findings on CTU to suggest UTUC most often include a radiolucent 
filling defect (Fig. 6.1) but may also manifest as an area of incomplete filling within 
the upper urinary tract or an infiltrative process involving the collecting system. The 
differential diagnosis of a collecting system filling defect on contrast-based imaging 
includes blood clots, radiolucent calculi, sloughed papilla, external compression from 
a crossing vessel, or a benign lesion (i.e., a fibroepithelial polyp). Enhancement on 
contrast-based imaging is an important finding to differentiate benign and malignant 
lesions. That being said, urothelial wall thickening may represent an infiltrating 
UTUC or a generally non-specific inflammatory process (e.g., chronic inflammation 
in the setting of a previously impacted calculus). 

CTU has proven to be both a sensitive and specific modality for detection of UTUC. A 
2010 meta-analysis by Chlapoutakis et al. reported a pooled sensitivity and specificity 
of 96% and 99%, respectively [1]. Intravenous pyelography, on the other hand, has been 
found to detect only 50-60% of upper tract lesions [2, 3]. CTU does inherently carry 
increased radiation exposure for patients with approximately 1.5 times the radiation risk 
associated with conventional urography [4]. The standard three-phase CT urography 
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Fig.6.1 Coronal view of 
CT Urogram shows a large 
filling defect in the right 
renal pelvis 


Fig. 6.2 Right retrograde pyelogram shows a 
large, space-occupying filling defect in the right 
intrarenal collecting system (outlined in blue 
dashes) 


includes an unenhanced, nephrographic, and excretory phase, which collectively pro- 
vides the most complete radiographic assessment of the upper urinary tract and bladder. 
A two-phase CTU protocol may be utilized at some centers to limit radiation exposure; 
however detection of lesions and ureteral opacification may be suboptimal and therefore 
is only recommended as a screening evaluation for low-risk patients [5]. 

In patients with a severe contrast allergy or impaired renal function, retrograde 
ureteropyelography may be indicated (Fig. 6.2). Operator variability and technique 
can affect the sensitivity and specificity when defining upper tract lesions, often with 
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lack of uniformity in the interpretations of urologist and radiologist [6]. Magnetic 
resonance urography (MRU) is commonly employed in this setting, with the applica- 
tion of chelated gadolinium-based contrast minimizing risks in patients with renal 
insufficiency. MRU has been shown to have comparable specificity in detection of 
UTUC; however its sensitivity might be inferior to CTU with the largest known 
study of 91 MRU exams reporting a sensitivity of only 69% for upper tract lesions [7]. 

Renal ultrasound has a limited role in the evaluation of UTUC. Renal ultrasound 
can detect renal calculi, hydronephrosis, and renal masses with reasonable accu- 
racy; however it has a limited ability to detect urothelial lesions in the upper urinary 
tract. In the DETECT (Detecting Bladder Cancer Using the UroMark Test) study, 
the sensitivity of renal and bladder ultrasound to detect UTUC was poor at only 
14.3% among 2166 patients examined [8]. 


Urinary Cytology and Biomarkers 


There is a significant interest and research effort being placed in the development of 
urinary biomarkers to aid in both the diagnosis and surveillance of urothelial carci- 
noma in the bladder and upper urinary tracts [9]. The goal is to develop less invasive 
and more cost-effective means to detect urothelial carcinoma and potentially reduce 
repetitive, expensive endoscopic instrumentation and/or cross-sectional imaging. 
Biomarkers originating from the urine and serum are being evaluated (Table 6.1), 


Table 6.1 Urine-based biomarkers for the diagnosis of upper tract urothelial carcinoma 


Sensitivity | Specificity 


Marker description References 


Urine cytology Urinary sediment cell 


morphology 


TMEFF2, VIM, and 
GDF15 promoter 
methylations 


ImmunoCyt/uCyt+ | Fluorescent-labeled antibodies 75-91 95-100 29 
targeting tumor-associated 
antigens M344, LDQ10, and 
19A11 
UroVysion FISH assay to identify aneuploidy | 77 95 19 
of chromosomes 3, 7, and 17 and 
loss of p16 locus on 9p21 
NMP-22 Nuclear matrix protein (reflection | 44 98 63 
of mitotic activity) 
BTA stat Detection of human complement | 82 89 64 
factor H-related protein (CFHrp) 
Telomerase reverse | TERT promoter gene mutation 46-90 92-100 27, 65 
transcriptase PCR assay 
(TERT) mutation 
GDF15, TMEFF2, Quantitative DNA methylation 91 100 66 
and VIM methylation | changes 
CDH1, HSPA2, Quantitative DNA methylation 84 91 67 
RASSFIA, changes 
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but thus far large studies with long-term follow-up and validation are lacking. 
Therefore the gold standard of endoscopic evaluation and cross-sectional imaging 
has not yet been supplanted. 

Urine cytology may be useful in the diagnosis of UTUC, but its utility remains 
limited by its overall low to moderate sensitivity. Sensitivity of urine cytology is 
dependent on a number of factors, including specimen source (voided versus upper 
tract site-specific aspirate), grade of tumor, and the inclusion of “suspicious” or 
“atypical” specimens versus only those that are overtly positive. The sensitivity of 
urine cytology for low-grade UTUC ranges from 10% to 20%, likely limited by cel- 
lular features similar to that of non-specific reactive atypia. High-grade UTUC 
lesions, however, demonstrate cytology sensitivity as high as 83%, with specificity 
that approaches 100% [10, 11]. 

The method of cytology collection has been shown to improve the quality of the 
specimen and diagnostic accuracy. Historically, the sensitivity of selective ureteral 
cytologies has ranged from 43% to 78% with false-negative rates as high as 50% for 
low-grade lesions [12—14]. A 2016 meta-analysis by Potrezke et al. found selective 
cytology to have a high-pooled specificity of 91% for detecting UTUC; however 
sensitivity was modest at 55% [15]. In a cohort of 326 patients who underwent radi- 
cal nephroureterectomy or distal ureterectomy without a concurrent bladder malig- 
nancy, Messer et al. found a positive urine cytology to be a modest predictor of 
high-grade or invasive UTUC, with a sensitivity of 56% and 62% for high-grade and 
muscle-invasive UTUC, respectively [16]. When limited to only patients with selec- 
tive upper tract cytologies, sensitivity for both high-grade disease and muscle- 
invasive UTUC improved to 71% and 78%, respectively. 

Selective ureteral catheterization is often indicated in patients with a positive 
voided cytology without a tumor identified on cystoscopy and normal upper tract 
imaging. Fluoroscopically guided brush biopsy has been historically performed as 
well (i.e., Gill Brush) [17]. Although it has demonstrated superior sensitivity to 
selective ureteral catheterization, significant complications have been described 
including exacerbation of hematuria [18]. Compared to these procedural methods in 
obtaining site-specific cytology, contemporary ureteroscopic evaluation is preferred 
since it offers more in terms of diagnostic yield. 

Fluorescence in situ hybridization (FISH) may also be useful in the detection of 
UTUC. FISH uses a multi-target assay to identify aneuploidy of chromosomes 3, 7, 
and 17, as well as loss of the p16 locus at 9p21. When compared to cytology, it has 
shown increased sensitivity, but differences have not been statistically significant in 
larger series [19, 20]. FISH may provide increased detection of UTUC when used 
in conjunction with cytology [21]. As seen with urine cytology, the sensitivity of 
FISH to detect UTUC is dependent on tumor grade [22]. Of note, FISH does add 
significant cost burden in cancer detection [23]. 

The role of epigenetic changes in UTUC has been investigated in recent years as 
well. In a study by Xiong et al., the methylation status of multiple genes including 
BRCAI, CDH1, HSPA2, RASSFIA, GDF15, THBS1, and TMEFF2 was found to 
be significantly associated with tumor stage, tumor grade, and lymph node status in 
patients with UTUC [24]. When this same group evaluated the methylation status of 
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these genes in voided urine specimens from 98 patients, they found a sensitivity of 
82% and specificity of 68% for detection of UTUC [25]. 

The unique genomic factors associated with UTUC have also been investigated 
as potential diagnostic targets. In the largest genomic study of UTUC to date, 
Sfakianos and colleagues found that genes FGFR3, CDKN2B, and HRAS were 
associated with high-grade UTUC [26]. One study that investigated FGFR3 and 
telomerase reverse transcriptase (TERT) as potential diagnostic biomarkers for 
UTUC found that when combined with cytology, they yielded a sensitivity and 
specificity of 78.6% and 96%, respectively [27]. 

Other novel tumor markers including nuclear matrix protein 22 (NMP22) and 
ImmunoCyt/uCyt+ have demonstrated improved sensitivity in the diagnosis of 
UTUC, but studies remain limited to date [28, 29]. Further research is required to 
better understand their role in the evaluation of UTUC moving forward. 


Ureteroscopic Biopsy Technique 


Endoscopic evaluation for suspected UTUC begins with thorough cystoscopy using 
both 30-degree and 70-degree telescopes in a rigid endoscope or a flexible cysto- 
scope to assess for concomitant bladder pathology. A urine cytology specimen is 
collected upon evaluation of the bladder, and bilateral retrograde ureteropyelograms 
are performed using an 8F cone-tip catheter. Initial ureteral catheterization should 
be avoided to limit trauma to the upper urinary tract urothelium. 

The suspected upper tract is then directly examined using a “no-touch” tech- 
nique. A small semirigid ureteroscope is introduced into the ureter under direct 
vision. The use of a guidewire at this point is avoided to limit potential tumor shear- 
ing and suboptimal evaluation. The ureteroscope is passed proximally to assess the 
distal and mid ureter. Once the ureteroscope has reached its most proximal extent, a 
guidewire is placed to the level of the ureter that has been inspected, and the uretero- 
scope is removed atraumatically. 

The smallest flexible ureteroscope available is then passed over the guidewire, 
and ureteropyeloscopy is completed. If a flexible ureteroscope can be passed directly 
into the distal ureter initially, then the use of the semirigid ureteroscope and guide- 
wire as previously described is not necessary. Given the advent of flexible uretero- 
scopes with greater shaft stiffness and superior tip control in recent years, the use of 
the semirigid ureteroscope can be avoided in many cases [30]. Pyeloscopy should 
be carried out in a systematic fashion, beginning with the renal pelvis followed by 
the upper pole calyces, the mid pole, and lastly the lower pole. 

Any lesion encountered during ureteroscopy should be biopsied at that time 
unless more proximal lesions are suspected based on retrograde ureteropyelogram 
or preoperative imaging. Prior to biopsy, a cytology washing is collected using the 
irrigation port of the ureteroscope. Biopsy can be performed using a variety of 
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methods, and technique should be tailored to the appearance of the lesion. À papil- 
lary tumor, for instance, can be biopsied using a 2.2F or 2.4F flat-wire basket. In this 
scenario, the basket is opened adjacent to and then directed around the tumor under 
direct vision. It should be snug but not so tight that it crushes the tumor. The uretero- 
scope, basket, and tumor specimen are then removed entirely as a single unit 
(Fig. 6.3). This technique provides excellent diagnostic results, with a successful 
cytopathologic diagnosis achieved in 94% of cases [31]. The stainless-steel flat- 
wire basket or double-snare design is preferred because the basket's more rigid 
wires offer an edge to hold the tissue. The round and more flexible wires of nitinol 
baskets tend to slide off the specimen rather than holding it. 

To biopsy a sessile or flatter lesion, a 3F cup biopsy forceps is most often 
employed. Multiple small specimens are removed through the endoscope’s work- 
ing channel and incorporated in a small aliquot of sterile saline of Hank’s solution. 
This biopsy method can suffer from crush artifact and yields smaller, often < 
1 mm, specimen; however it still provides acceptable sensitivity with a 74.9-79% 
diagnostic rate reported [32, 33]. Another device is the BIGopsy@ (Cook 
Urological, Spencer, Indiana), which obtains larger specimens with reported diag- 
nostic rates of 90-100% [32, 33]. It must be back-loaded into the flexible uretero- 
scope, which in turn must be advanced through a ureteral access sheath. The large 
6F tip also significantly reduces the visual field and limits deflection of the uretero- 
scope [34]. 

Immediately following tumor biopsy, a barbotage specimen of sterile saline 
obtained through the ureteroscope’s working channel is collected for cytological 
evaluation. If a lesion is treated endoscopically, an additional final cytology is col- 
lected after treatment has been completed, all performed to increase the sensitivity 
of the cytopathologic grading. 


Fig. 6.3 (a) Luminal tumor biopsy with stainless steel flat wire basket (star). The tumor is removed 
en bloc, similar to a stone. (b) Flat wires of the stainless steel basket (arrow) are more rigid than 
nitinol and superior in holding tissue in the angle between the wires with flat edges. Relatively 
large volume specimens can be sampled 
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Specimen Processing 


Historically, ureteroscopic biopsies processed with standard cassette histopathology 
had limited diagnostic yield, as many specimens did not survive processing. 
Therefore, all aspirates and biopsy specimens are sent to cytopathology for process- 
ing to help ensure adequacy. Solutions are concentrated by centrifugation into cyto- 
spins or by liquid-based technology. Cytospins use a high-speed centrifuge to 
concentrate cells on a slide in a uniform monolayer 6 mm in diameter, which 
enhances the morphological appearance of the cells [35]. This technique increased 
diagnostic yield from 42.9% to 97.2% [36]. Using a similar technique, Sheridan 
et al. found that cytologic processing of ureteral biopsies showed superior sensitiv- 
ity for detecting high-grade UTUC, which they attribute to an increased number of 
intact urothelial cells [37]. Today, the majority of urinary specimens are processed 
by liquid-based technology, which concentrates material in a uniform monolayer, 
reduces obscuring debris, and improves cellular detail and preservation by fixa- 
tion [38]. 

Generally, cell blocks may be prepared by a variety of techniques, such as 
HistoGel (Richard-Allan Scientific Processing Gel, Thermo Fisher Scientific, 
Kalamazoo, Michigan), plasma-thrombin clot technique, agar gel, Cellient technol- 
ogy (Hologic, Marlborough, Massachusetts), or centrifugation into a pellet. Cell 
blocks are useful when immunocytochemistry is needed, such as diagnosing non- 
urothelial malignancies, like metastatic carcinoma, lymphoma/leukemia, or for the 
detection of polyomavirus. Cell blocks also provide histologic examination of intact 
tissue fragments for architecture, thickness, and polarity of the urothelium, which 
are essential in the classification and grading of urothelial neoplasia. This approach 
is particularly helpful in diagnosing low-grade papillary UTUC in which the archi- 
tectural abnormalities are not preserved in cytologic preparations and cellular fea- 
tures are similar to reactive atypia. Additionally, subepithelial stroma may also 
remain intact in cell blocks, enabling the identification of possible invasion and 
potentially resulting in more accurate staging of advanced tumors. 


Grading with Ureteroscopy 


Tumor grade is the most important prognosticator when treating upper urinary tract 
urothelial malignancies. Accurate tumor grading is thus critical in the diagnosis of 
UTUC as it directly guides clinical management. Histologic grading of urothelial 
carcinoma has evolved from the original 1973 World Health Organization (WHO) 
classification, which consisted of a three-tier system of low grade 1, intermediate 
grade 2, and high grade 3 based on the degree of anaplasia [39]. The parameters for 
assessing anaplasia are increased cellularity and thickness of the urothelium, loss of 
polarity and maturation, crowding, nuclear polymorphism, variations in nuclear 
size, hyperchromasia, abnormal chromatin, and abnormal mitoses (Fig. 6.4). Grade 
1 tumors show the least anaplastic features, grade 3 tumors show marked anaplasia, 
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Fig. 6.4 (a) Normal ureter: The ureter is lined by transitional epithelium, also known as urothe- 
lium. The urothelium is a stratified layer of 3-6 cell layers in thickness. The most superficial layer 
is scalloped with fuzzy cytoplasm, and contains umbrella cells, which are multinucleated benign 
urothelial cells. The intermediate layer contains polygonal cells with low nuclear/cytoplasmic ratio 
and orderly arrangement. The basal layer is more compact with cells arranged perpendicular to the 
basement membrane. (b) Low-grade papillary urothelial carcinoma: The tumor cells contain 
mildly enlarged nuclei. There is no significant nuclear hyperchromasia or pleomorphism. Note that 
cellular polarity is maintained. Mitoses are also rare or absent. (c) High-grade papillary urothelial 
carcinoma: The tumor cells are crowded with loss of polarity, severe hyperchromasia, high nuclear/ 
cytoplasmic ratio and course chromatin. Mitoses are seen (black arrow) 


and grade 2 tumors are intermediate or moderately anaplastic. Subsequent modified 
versions include a four-tier scheme (grade 1, grades 2a or 2b, and grade 3) [40] and 
a five-tier system (grades 1, 2a, 2b, and 3 and grade 4) [41]. These systems aimed to 
improve grading as a predictor of clinical behavior and outcomes. However, an 
intermediate-grade UCC might be considered as a low- or high-grade UCC in 
another system. There was also significant variability in their interpretation and use 
among pathologists and studies [42]. Therefore, studies utilizing different experts 
and grading criteria made comparison problematic and confusing. 

Consequently, the WHO/International Society of Urological Pathology (ISUP) 
introduced the 1998 WHO/ISUP grading classification to improve and simplify his- 
tologic grading to a two-tier system of low- or high-grade UCC [43]. The 2004 
WHO/ISUP and the current 2016 WHO/ISUP grading systems use the 1998 two- 
tier grading [44]. One of the important features that distinguish the 2016 WHO/ 
ISUP from the 2004 WHO/ISUP is that grading is not only restricted to 


164 B. H. Rudnik et al. 


morphologic features of anaplasia but also correlates with tumor biology and clini- 
cal behavior. Following the 2004 WHO/ISUP, several studies have shown that the 
majority of invasive (T1 or greater) tumors show only focal low-grade features 
using either 1973 or 2004 WHO/ISUP criteria. More importantly, stage-matched 
invasive UCCs behaved similarly irrespective of their assigned grade, with no dif- 
ference in recurrence-free, cancer-free, or overall survival. This is particularly evi- 
dent in the deceptive nested variants of urothelial carcinoma of the bladder, which 
have poor prognosis due to extensive invasion despite their low-grade histology. 
Pursuant to these studies and recommendations by the International Consultation 
on Urological Diseases (ICUD), all invasive UCCs should be considered as high 
grade [45]. 

Despite the various grading systems and their challenges, multiple series of ure- 
teroscopically treated UTUC patients over two decades have demonstrated that ure- 
teroscopic (URS) biopsy provides very good diagnostic accuracy in regard to tumor 
grade. In 1997, Keeley et al. demonstrated a strong (90%) correlation between ure- 
teroscopic biopsy grade and the final pathological grade seen on nephroureterec- 
tomy specimen [36]. Ten years later and in a retrospective review of more patients 
who had undergone nephroureterectomy for UTUC, Brown et al. found there was 
tumor grade concordance in 112/119 (94%) patients who had URS biopsy prior to 
nephroureterectomy [46]. In a study of 137 biopsies in 81 patients with suspected 
UTUC, Rojas and colleagues found a comparable tumor grade concordance rate of 
92.6% [47]. Interestingly, they also showed that the volume of tissue removed at 
time of URS biopsy did not affect the diagnostic accuracy of tumor grade. In a large 
multi-institutional cohort of 230 patients undergoing extirpative surgery for UTUC, 
Clements et al. found that high-grade biopsy pathology had a 92% positive predic- 
tive value (PPV) for high-grade pathology at time of definitive surgery; however, 
low-grade biopsies only had a PPV of 54% [48]. This study was significantly lim- 
ited; however, in that, biopsy specimens were performed using three different biopsy 
techniques including brush biopsy, and specimens were interpreted by several dif- 
ferent genitourinary pathologists. 

The issue of ureteroscopic UTUC biopsy grade discordance to the final patho- 
logical NU specimen grade is occasionally reported in the urological literature and 
deserves mentioning [49, 50]. A 2018 multi-institutional study by Margolin and 
colleagues that reviewed 314 patients who underwent URS biopsy followed by 
nephroureterectomy or segmental ureterectomy for UTUC found that 51% of cases 
of low-grade tumors on biopsy were upgraded at time of surgical resection [49]. The 
rate of upgrading was slightly lower when baskets were used (45%) compared to 
biopsy forceps (51%), but this was not statistically significant. Brush biopsies were 
not included in this cohort. It is critical to note that in this series, pathologic inter- 
pretation was performed according to the 1973 and 1998 World Health Organization 
(WHO) classification systems, depending on time of biopsy, and no central pathol- 
ogy review was performed. Tumors identified as grade 1 or 2 based on the 1973 
classification were collectively defined as low grade. As previously mentioned, dis- 
cordant grading affected tumor grading results, with significant upgrading of up to 
50% of grade 2 lesions as defined by the 1973 classification system. These lesions 
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display tumor heterogeneity and would qualify as high-grade lesions according to 
the updated WHO grading system [51]. Therefore, studies reporting upgrading of 
ureteroscopic biopsies relative to the final surgical specimens must be interpreted 
with caution. This is especially the case when more than one pathologic grading 
system was utilized over the term of the study in the absence of central pathology 
review. Nevertheless, ureteroscopic biopsy grading should not be utilized in a vac- 
uum for clinical decision making. Cross-sectional imaging characteristics and site- 
specific cytology, as well as dedicated cytopathologists familiar with the variability 
associated with specimen collection and treatment effects, are essential, especially 
in patients on post-treatment surveillance. 


Staging of Upper Tract Urothelial Carcinoma 


Ureteroscopic biopsy has general limitations in determining tumor stage given the 
small size of tissue specimens and the thin nature of the upper tract muscularis pro- 
pria as compared the bladder. Margolin et al. found that the likelihood of missing 
muscle-invasive disease on URS biopsy was significantly increased when speci- 
mens were limited to 1 mm or less in diameter [49]. Contemporary series have 
demonstrated that staging concordance rates between biopsy specimens and final 
surgical specimens range from 55% to 66% [49, 52, 53]. 

Tumor grade, the most Important prognosticator, has been found to be associated 
with pathologic stage in multiple studies; however the degree of its predictive value 
has varied greatly. Brown et al. found in their 71 patients with high-grade biopsies 
there was a 66% PPV for pT2 or greater disease and a 42% PPV of pT3 or greater 
disease [46]. Conversely, in those 48 patients with low-grade biopsies, negative pre- 
dictive values for pT2 and pT3 disease were 72% and 92%, respectively [46]. In 
their cohort of 238 patients, Clements et al. found that high-erade biopsy pathology 
had 60% predictive accuracy for muscle-invasive disease and on multivariate analy- 
sis was associated with a fourfold greater risk of pT2 disease [48]. Low-grade biop- 
sies were less predictive of tumor stage, as nearly 30% of patients with low-grade 
biopsies were ultimately found to have muscle invasion at time of surgical resection 
[40]. Jeon et al. studied multiple preoperative variables including cross-sectional 
imaging characteristics and ureteroscopic biopsy information. Although only able 
to be obtained in about 50% of ureteroscopic biopsies, the presence of lamina pro- 
pria invasion by tumor was the best predictor of the final pathologic grade > pT2 on 
multivariate analysis with odds ratio of 5.57. Lamina propria invasion on uretero- 
scopic biopsy with the simultaneous presence of high-grade tumor demonstrated 
muscle-invasive UTUC on NU specimen in 84% of cases [54]. This represents 
improved detection compared to ureteroscopic grade alone for prediction of muscle- 
invasive disease, which historically has been reported by multiple groups to be 66% 
[36, 46]. 

Cross-sectional imaging has shown good accuracy in determining regional or dis- 
tant metastatic UTUC; however its utility in determining local stage has been 
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historically poor. Preoperative axial CT imaging has been shown to accurately stage 
UTUC in only 52-59% of patients [55, 56]. In a study of 106 patients who underwent 
radical nephroureterectomy for UTUC, Ng and colleagues did find that hydrone- 
phrosis on preoperative CT imaging was associated with advanced pathologic stage 
and a predictor of non-organ-confined disease on the final pathology [57]. Another 
study by Brien et al. looked at the presence of preoperative hydronephrosis on CT 
imaging in conjunction with positive urine cytology and high-grade biopsy speci- 
mens. They found that when all three of these factors were present the PPV was 89% 
for pT2 or greater disease, and when none were present, the NPV was 100% [58]. 
Similarly, Faveretto et al. described a model combining cross-sectional imaging with 
biopsy results that predicts pT2 disease or greater with over 70% accuracy [59]. 

Other imaging modalities have been explored as potential tools to aid in the stag- 
ing of UTUC. High-frequency endoluminal ultrasound (ELUS) has been investi- 
gated with a reported diagnostic accuracy of 63-67% in two series [60, 61]. 
Experience with ELUS remains limited in scope, and further studies are required 
before it is Incorporated into clinical practice. 

In recent years optical coherence tomography (OCT) has been described as a 
potential UTUC staging tool utilized at time of ureteroscopy. This technology uses 
a 2.7F intravascular imaging probe introduced through the working channel of a 
flexible ureteroscope that provides a cross-sectional image at planned biopsy sites. 
A recent study of 26 patients found an 83% staging concordance rate with a sensitiv- 
ity and specificity for tumor invasion of 100% and 92%, respectively [62]. It should 
be noted that OCT is limited in that it provides only a binary classification system 
(invasive or non-invasive disease) and has a limited imaging depth, making the stag- 
ing of larger exophytic tumors non-diagnostic. Further studies are required to better 
appreciate the diagnostic value of OCT for clinicians managing patients with UTUC. 


Enhanced Endoscopic Imaging Techniques for Upper Tract 
Urothelial Carcinoma 


María Rodríguez-Monsalve, Etienne Xavier Keller, Vincent De Coninck 
and Olivier Traxer 


Introduction 


Diagnosis of upper tract urothelial carcinoma (UTUC) is based on imaging tech- 
niques, diagnostic ureterorenoscopy (URS) and biopsy. These techniques have 
some important limitations. Difficulties for diagnosis of upper tract carcinoma in 
situ (UT-CIS), differentiation of flat malignant lesions from inflammatory tissue, 
and limitations in biopsy samples for an accurate diagnosis of grading and staging 
are the most commonly recognized challenges [63, 64]. 

Conservative endoscopic treatment using URS is a valid option in selected 
patients with low-grade and low-stage disease, with cancer-specific survival rates 
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Table 6.2 Characteristics of the new extended imaging techniques in UTUC 
NBI Image 1-S PPD OCT CLE 
Principle | Absorption Digital image |Fluorescence | Scattering Absorption/ 
processing | reflection 
Field of | Macroscopic |Macroscopic |Macroscopic | Microscopic Microscopic 
view | 7 
Contrast | No No | 5-ALA, HAL | No Fluorescein 
Depth Surface Surface Surface 2-3 mm 0.4-0.7 um 
Aim Improving Improving Improving Real-time Real-time 
visualization | visualization | visualization | information on | information on 
and detection and detection and detection | histopathology | histopathology 
of tumors of tumors of tumors 


compared to nephroureterectomy [65]. Given the frequency of local recurrence, 
regular ureteroscopic surveillance and close follow-up are required for optimal 
oncologic control in patients undergoing endoscopic treatment for UTUC. 

Accurate information regarding not only tumor grade and stage but also local 
extent is essential in order to select and optimally treat UTUC patients with nephron- 
sparing ureteroscopic techniques. The development of enhanced imaging modali- 
ties to be used with ureteroscopy offer a significant improvement in the detection 
and management of UTUC, including UT-CIS. In addition, new real-time optical 
diagnostic techniques are capable of providing instant information about tumor 
grade and stage, which open the possibility to more expeditiously direct patients to 
appropriate treatment. 

The new imaging technologies are classified depending on the field of view in 
macroscopic or microscopic imaging modalities (Table 6.2). Macroscopic technolo- 
gies are similar to white light and provide information about a wide area of urothe- 
lium with enhancement, in order to facilitate the localization and delineation of 
suspicious lesions. Examples of this type of technique are narrow-band imaging 
(NBD) and Storz Image 1-S technology (formerly Storz professional image enhance- 
ment system (SPIES)). Photodynamic diagnosis (PDD) also is included in these 
macroscopic techniques and is based on fluorescence and the addition of a topical 
fluorophore. Microscopic technologies confer of a high resolution with important 
characterization of the tissue related with suspected lesions, giving real-time infor- 
mation on histopathology. The main techniques in this category are optical coher- 
ence tomography (OCT) and confocal laser endomicroscopy (CLE). 


Image Enhancement Techniques 
Narrow-Band Imaging (NBI) 


This endoscopic technique has been developed by Olympus®. It is an optical tool 
that filters white light into two narrow bandwidths of 415 nm and 540 nm that cor- 
respond to blue and green light, respectively. It is based on the fact that the depth of 
light penetration increases with wavelength. These wavelengths are both strongly 
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absorbed by hemoglobin and only minimally penetrate the mucosal surface. This 
effect creates an enhanced contrast between vascular structures and mucosa. The 
blue band (415 nm) penetrates the superficial mucosa layers and results in a brown 
appearance of the more superficial vessels. The green band (540 nm) has a deeper 
penetration to the submucosal layers and accentuates the vessels with green appear- 
ance [66]. In the generated image, the vascularized areas appear in a dark brown/ 
green color in contrast with the pink/white of normal urothelium. The aim of this 
technology is to help identify hypervascularized areas, highlighting neoangiogene- 
sis of urothelial tumors. 

An advantage of this technique is that it does not require administration of exoge- 
nous contrast facilitating its applicability. Also, the results from the use of this tech- 
nique have demonstrated that it does not require a significant learning curve to interpret 
the findings, with no significant difference between novel and experienced users in 
terms of detection rates. This technique improved the tumor detection rate by 22.7% 
according to a study of 27 patients that underwent URS for UTUC, subsequently with 
white light and NBI by the same urologist, in the same setting. Compared to traditional 
white light URS, five additional tumors were detected, and three other tumors were 
noted to have expanded margins, using NBI, which otherwise would have been missed 
[67]. NBI technology is exclusively integrated to digital flexible ureteroscopes manu- 
factured by Olympus®, including the URF-V, URF-V2, and URF-V3 [68]. 


Image 1-S Technology (Formerly: Storz Professional Image Enhancement 
System “‘SPIES’’) 


This technology developed by Storz® is based on spectral separation. It filters white 
light images digitally to produce four different contrasts that modify the dis- 
played image. 

SPECTRA A is a combination of green and blue signals that highlights the dif- 
ferences between vascular structures and mucosa. SPECTRA B is based on the 
reduction of red spectral reflection and also helps define a better contrast between 
tissues and structures. The CLARA mode uses an adaptation of image brightness 
clarifying the visualization of the darker areas in the image. CHROMA mode inten- 
sifies color contrast which is very useful to define the optimal sharpness of the 
image structures [69]. A study comparing image perception of bladder tumors 
among urologists showed concordance in the interpretation of the 80 spectral images 
evaluated. In low agreement cases, CLARA CHROMA and SPECTRA B showed 
less variations in interpretation than SPECTRA A [70]. The value of this technique 
in the upper urinary tract is under investigation. 


Photodynamic Diagnosis (PDD) 
This technique employs fluorescence as a contrast mechanism, based on the interac- 


tion between light and increased accumulation of fluorochrome in the malignant 
tissue. The fluorochrome has the property of absorbing light and re-emitting it in a 
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longer wave than the original one. This is explained by the fact that the absorbed 
light excites the electrovibrational state of the fluorochrome, so when the molecule 
relaxes to ground state a photon is emitted to realize the energy difference. This 
emitted light has a longer wavelength than the illuminated one. 

This modality of enhanced imaging uses photosensitive protoporphyrin ana- 
logues, so-called fluorochrome agents, combined with blue light to stimulate fluo- 
rescence. In the majority of cases, the agents utilized are porphyrin-related 
fluorochrome 5-aminoaevulinic acid (5-ALA) and its derivate hexaminolevu- 
linate (HAL). 

These substances can be administrated as an oral solution or instilled directly by 
the working channel of ureteroscope. Tumor cells have an important accumulation 
of photosensitizers 5-ALA and HAL and are visualized red when using blue light 
(380-470 nm) in contrast with the normal urothelium that has a blue/green color- 
ation. Special endoscopes or filters are needed to illuminate tissue with this blue 
light. An advantage of this technique is the relatively easy interpretation of images 
considering red fluorescent areas. 

Nevertheless, this technique has several obstacles for a routine use in the upper 
urinary tract (UUT). Firstly, if a topical instillation of the fluorochrome is proposed, 
it is more difficult in the UUT than in the bladder because of its anatomical charac- 
teristics and accessibility. Secondly, it is important to recognize that the application 
of light tangential to the mucosa can give false-positive results in up to a 30% of 
cases. Acquiring a perpendicular viewing angle in the UUT could be challenging 
especially in the ureter [71, 72]. 

In the largest study available to date including 106 upper urinary tract units, 
sensitivity was estimated in 95.6% in the UUT, similar to the 92% reported in 
the bladder [73, 74]. Several studies have shown a high detection rate, especially 
for flat lesions or CIS, with PPD-guided URS after oral administration of 
5-ALA [75]. 

A recent systematic review was published. The overall adverse events rate with 
this technique was 25.8%, all of them minor complications (Clavien I) [76]. The 
most common complications related to the use of 5-ALA in these studies were 
hypotension, nausea, increase of liver enzymes, photosensitivity skin reaction, and 
photodermatosis [77]. 


Optical Diagnostic Techniques 
Optical Coherence Tomography (OCT) 


This technique is the optical equivalent of ultrasound imaging, based on the mea- 
surement of light reflectivity versus depth instead of using reflected ultrasounds 
waves like in echography. A 2.7F probe composed of optical fibers with distant 
rotation light firing at 90° with automatic retrieval over a 5-cm distance is used. 
Light scattering signal decreases with depth, and its range is limited to a 2-mm 
depth. The attenuation coefficient Ho« is defined as the rate of OCT signal decreased 
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with depth. Measurement of 1, is sensitive to the different cell layer organization 
and can be associated with different grade lesions, creating a cross-sectional image 
of the tissue. This association of information, real-time high-quality images with 
digital scopes, and optical attenuation coefficient gives real-time information about 
tumor grade and stage. This technology can make distinction of the ureteral wall 
layers and its architecture. This leads to differentiate low- and high-grade lesions. 

In a study with 26 patients that underwent diagnostic URS and OCT, the results 
of OCT were compared with the histopathology of the radical nephroureterectomy 
or segmental ureter resection. Sensitivity for staging was 83%. For tumor invasion, 
sensitivity was 100% and specificity 92%. Tumor size >2 cm and inflammation 
were the main cause of false positives [62]. 

Disadvantages of this technique are the current limit of lumen imaging with a 
maximum diameter of 10 mm and its maximal imaging depth hindering assessment 
about invasiveness of large-volume tumors; hence tumor staging is not feasible 
when exophytic growth is greater than imaging depth [78]. More clinical experience 
is required before conclusions on the utility of OCT for UTUC staging can be made. 


Confocal Laser Endomicroscopy (CLE) 


CLE is an innovative, high-resolution probe imaging technique (3.5 um) based on the 
use of fluorescence, allowing imaging of tissue with a maximal depth of 40-70 um. 

This technique uses a 488-nm laser light in combination with fiberoptic in a pin- 
hole to ensure that only light from the focal plane of tissue is collected. The light 
that is out of focus is rejected by the pinhole, which acts as a diaphragm. The size 
of the probe is defined by the number of fibers used for the CLE imaging. A 
3F-diameter probe is available for ureteroscopic use in the upper urinary tract. This 
technology requires the use of fluorescein as a luminal contrast agent to highlight 
microarchitecture and small vessels. Real-time imaging of the cellular and subcel- 
lular level is achieved, resulting in differentiation between normal, low-grade, and 
high-grade tumor tissue [79], in effect, giving a real-time optical biopsy. 

For CLE, the definitions of histological architecture in the upper urinary tract are 
as follows: 


° Normal tissue: layers of superficial and polygonal umbrella cells and smaller 
intermediate cells more deeply. 

° Low-grade tumors: organized, densely packed, monomorphic cells, absence of 
umbrella cells, and papillary structures surrounded by fibrovascular structures. 

° High-grade tumors: disorganized, pleomorphic cells without defined borders or 
cohesion, absence of umbrella cells, and fibrovascular stalks with disorganized 
structure. 


Some drawbacks of this technique have been reported. CLE imaging has signifi- 
cant sensitivity to movement that could lend to motion artifacts and subsequently 
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poor quality images. Also, limited penetration depth and the dependence on the 
position of the probe to obtain a good quality image have been reported. 

Interpretation of the findings requires certain experience; several studies have 
defined in vivo characteristics of bladder urothelium, and in vivo pilot studies have 
proven the use of this technique in the upper urinary tract [80, 81]. The use of this 
system provides dynamic microscopic evaluation of cellular architecture. 

A recent study in which 14 flexible ureteroscopies with CLE were performed 
showed a correspondence between CLE images and the final histopathological 
result in 100%, and inter-observer agreement was also found between CLE and 
histological reading (k = 0,64) [82]. 


Conclusions 


Enhanced endoscopic imaging techniques exist for better detection, delineation, 
and diagnostic characterization of UTUC. Existing clinical experience with ure- 
teroscopy is limited, but preliminary studies have demonstrated the feasibility of 
these various technologies to be applied to the morphologically challenging upper 
urinary tract. Further prospective analyses are needed to clarify the outcomes of 
these new diagnostic methods (Fig. 6.5). 


Ureteroscopic Treatment of Upper Tract 
Urothelial Carcinoma 


Michael Grasso II, Nitin Sharma, Andrew I. Fishman, Joseph K. Izes, 
Demetrius H. Bagley and Scott G. Hubosky 


Rationale for Nephron-Sparing Approaches 


Nephroureterectomy (NU) has been the standard treatment of upper tract urothelial 
carcinoma (UTUC). In general, the biology of these urothelial tumors is similar to 
the lower urinary tract, and as such, there is a great interest in treating these lesions 
ureteroscopically, thus preserving functional renal parenchyma. Ample data exist 
which tie rates of hospitalization, cardiovascular events, and mortality to incremen- 
tal decreases in glomerular filtration rate (GFR) [83]. Over-utilization of radical 
nephrectomy, rather than partial nephrectomy for small renal cortical lesions, has 
been shown to be an independent risk factor for chronic renal insufficiency [84]. As 
a result, there has been a shift in the management of lower-risk renal cell carcinoma 
toward nephron-sparing approaches, especially in those with pre-existing chronic 
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Fig. 6.5 Image of UUT lesion with white light (left) and same lesion with NBI (right) 
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kidney disease [85]. Since up to 51% of patients presenting with UTUC may have 
GFR < 60 [86], the same rationale should apply, thus highlighting the importance of 
effective ureteroscopic treatment as a prime nephron-sparing approach in this vul- 
nerable population. Improvements in instrumentation and deliverable energy 
sources have facilitated retrograde ureteroscopic therapies. Endoscope downsizing 
and miniaturization, improved mechanics, and deflectability combined with pro- 
gressive laser energy sources have made ureteroscopic treatment of UTUC more 
practical [87, 88]. Due to the rarity of UTUC, no prospective, randomized trials 
comparing ureteroscopic treatment to radical NU exist, but multiple meta-analyses 
have been published which support equivalent outcomes in terms of cancer-specific 
survival (CSS), in carefully selected patients with low-grade, non-invasive UTUC 
[89, 90]. 


Patient Selection 


Selecting the treatment for UTUC requires balancing adequate oncologic control, 
preserving renal function, and minimizing morbidity. Ureteroscopic treatment has 
been employed for UTUC in patients with prohibitive comorbidities associated with 
nephroureterectomy for well over 30 years. Relative contraindications to nephro- 
ureterectomy would include solitary kidney, bilateral tumors, chronic kidney dis- 
ease, and hereditary predisposition to UTUC such as Lynch syndrome. Favorable 
treatment outcomes and renal preservation rates have been demonstrated with ure- 
teroscopy in patients with solitary kidneys and renal insufficiency as well as in care- 
fully selected patients with a normal contralateral kidney [91, 92]. As instrumentation 
and techniques for efficient tumor ablation have improved, endoscopic treatment of 
low-grade UTUC has become a standard therapy, as detailed in both contemporary 
European and National Comprehensive Cancer Network (NCCN) guidelines 
[93, 94]. 

Although not meant to be considered in isolation, tumor grade is the most impor- 
tant prognosticator when planning treatment for UTUC. Other important variables 
to consider are baseline renal function, tumor burden, location within the collecting 
system, multifocality, and a history of prior bladder carcinoma. Pre-intervention 
risk stratification can be challenging and requires diagnostic ureteroscopy and both 
tissue sampling and cytologic washing. Tumor grade, based on both histology and 
cytopathologic evaluation, is by far most the important prognosticator. It is impor- 
tant to remember that the highest-grade flat lesions and carcinoma in situ may have 
indeterminate results on tissue sampling, while cytology is diagnostic. CIS, for 
example, on cup biopsy often has fibrous substructure without urothelium, which 
has peeled off, and so the cytologic washing in that setting is diagnostic. It is also 
important to note that tumors can be of mixed grade and papillary low grade on 
biopsy with washings that are high grade. Any parameter that is diagnostic for high 
grade directs future treatment; thus a high-grade washing with low-grade biopsy is 
treated as a high-grade presentation. 
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The European Association of Urology guidelines stratify patients into low risk 
versus high risk based on clinical, endoscopic, histologic/cytologic, and radio- 
graphic factors [93] (Table 6.3). 

Patients in the low-risk category should always be considered for a nephron- 
sparing modality, which includes the ureteroscopic approach. Even low-risk 
patients, however, need to be well informed about the relatively high rate of local 
recurrence for low-grade UTUC treated ureteroscopically, which approaches 
68-90%, as seen in large series with extended mean follow-up of almost 5 years 
[95-97]. In general, these locally recurrent lesions are amenable to ureteroscopic 
treatment but demand high patient compliance with repetitive endoscopic surveil- 
lance. It is also important to counsel patients on the rate of progression of low-grade 
UTUC to high-grade UTUC, which has been defined as about 15% over a mean of 
about 38 months of follow-up [96], but has been observed to be as high as 31% in 
patients with higher-volume tumors [98]. 

Patients with high-grade UTUC should always be counseled to consider radical 
NU, as long as there is a normal contralateral kidney and the patient is fit for extirpa- 
tive surgery. Individuals with high-grade UTUC who do not qualify for treatment 
with NU can undergo ureteroscopic treatment but must be clearly made aware that 
the expectation is not curative but rather is palliative with the goals of avoiding 
persistent gross hematuria and upper urinary tract obstruction [96]. These patients 
may benefit from the addition of adjunctive systemic immunotherapy or 
chemotherapy. 


Biopsy and Physical Removal of Tissue 


Several endoscopic techniques for the removal of upper tract urothelial carcinoma 
have been described, and these include mechanical removal, electrosurgical resec- 
tion, fulguration, and laser ablative therapies. Endoscopic approaches for lesions 
localized in the renal collecting system include retrograde (ureteroscopic) and ante- 
grade (percutaneous). Choice of treatment is again influenced by lesion size, loca- 
tion, and the presence of multifocality. Historically, the 12-Fr uretero-resectoscope 
was employed to treat ureteral tumors, resecting them with a small loop electrode. 
The only practical indication for this instrument is large-volume distal ureteral 
lesions in patients who have been pre-stented such that the ureter can accept this 


Table 6.3 Low risk and High risk patient’s characteristics. Adapted from Roupret et al. [93] 


Low risk | High risk 
Tumor less than 2 cm | Tumor greater than 2 cm 
_Unifocal disease | Multifocal disease 


Low- -grade ( cytology/biopsy |  High-g1 -grade cytology/biopsy 


‘Non-invasive disease by Hydronephrosis or invasive disease by i imaging or prior 
imaging | cystectomy 
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large instrument. Care must be taken not to resect circumferentially; rather staged 
therapy allowing for ureteral healing will help minimize subsequent stricture dis- 
ease. Ureteral resectoscopes are generally not available for contemporary use, but 
lasers with ablative capabilities can be effective for these tumors. 

Mechanical removal of tumor utilizes the same previously described techniques 
used for ureteroscopic biopsy of tumor. Ureteroscopic access should be obtained 
using a “no-touch” technique to assist in visually differentiating low-grade disease 
or carcinoma in situ from guidewire trauma [99]. As such, ureteral access sheaths 
are largely unnecessary, though possibly useful in larger resections after ensuring 
that no ureteral tumors are present, prior to sheath placement. While intuitively 
appealing, there is no evidence that ureteral access sheaths reduce the incidence of 
secondary tumors of the bladder. The approach of diagnostic ureteroscopy and 
biopsy techniques for UTUC are described in detail in section “Diaenosis of Upper 
Tract Urothelial Carcinoma”. 

In section “Enhanced Endoscopic Imaging Techniques for Upper Tract Urothelial 
Carcinoma” the various optical enhancers available to improve the sensitivity of 
diagnostic ureteroscopy are presented. A key point is the marked improvement with 
digital actively deflectable flexible ureteroscopes, with increased sensitivity from 
3000- to 10,000-pixel power for the traditional fiberoptic to over 200,000 for the 
newest digital imagers. A variety of digital enhancers are available with the reusable 
digital platforms, including narrow-band imaging. Certain enhancers drop out spe- 
cific spectrum colors, which allow for easier visualization of aberrant vascularity, a 
trademark of papillary urothelial carcinoma. These technologies are in their infancy, 
and improvements with regard to defining flat lesions are areas of current research. 


Energy Sources Applied for Ureteroscopic Tumor Ablation 


Variables that are considered when crafting a treatment plan, beyond tumor grade, 
include location, multifocality, volume, and vascularity. A spectrum of energy 
sources, such as lasers and electrocautery, should be available such that intra- 
operatively encountered variables can be addressed in real time rather than in stages. 
From a technical standpoint, the operative treatment goal is to eliminate all luminal 
neoplasm, in as few operative stages as possible, while minimizing the future risk of 
ureteral or intrarenal stricture. Not surprisingly, maintaining adequate visualization 
and the ability to ureteroscopically reach all lesions are the operative challenges, 
which must be met by the advanced ureteroscopist. Understanding the nuances and 
limitations of both the ureteroscope and ablative energy source is crucial to success- 
ful outcomes [68]. Laser light is the most frequent energy source utilized for the 
ureteroscopic treatment of urothelial lesions. Electrocautery employing the smallest 
diameter probes also serves a supportive role. The endourologist must be keenly 
aware of the effects and depth of penetration of the energy sources used and the 
limitations of each. 
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Electrocautery was the first available ablative modality for UTUC. This modality 
serves a secondary role in tumor treatment today, mostly when laser fibers cannot 
reach a luminal tumor. Flexible Bugbee electrodes from 1.9 to 3.0 F (Greenwald and 
Olympus Inc.) are the least likely to inhibit the deflectability of ureteroscopes and 
are useful in peripheral and very dependent calyces. The irrigant required must 
allow for conduction of current, and so sorbitol, glycine, or small aliquots of sterile 
water are required. A limitation is that even with low-power setting (10 W), electro- 
cautery tends to char tumor peripherally, often with viable remnants centrally. Once 
charred other energy sources can be ineffective, and so electrocautery tends to be 
used toward the end of ureteroscopic treatment to address remaining peripheral 
tumors, which might be otherwise inaccessible to the relatively stiff laser fibers, 
known to partially inhibit flexible ureteroscope deflection. In addition, while laser 
energy is effective only when delivered with a directly forward approach relative to 
the laser fiber tip, electrocautery applies energy with lateral contact from the elec- 
trode. Therefore the Bugbee can be placed adjacent to tumors, which would other- 
wise be difficult to reach with a direct approach. A key planning therapy, particularly 
in the ureter, is defining whether the lesion is circumferential. Electrocautery and 
certain laser energies, for example, Nd:YAG (neodymium) should not be employed 
circumferentially since this is associated with higher postoperative rates of ureteral 
stenosis. The same principle applies to infundibula in the intrarenal collecting system. 


Laser Energy Techniques 


Laser energy can be delivered through low-water-density quartz fibers passed 
through the working channel of actively deflectable, flexible ureteroscopes. It is 
used to coagulate and/or ablate urothelial lesions. These fibers range from less than 
200 to 400 um [87]. Larger-diameter laser fibers inhibit ureteroscope deflectability 
and minimize the volume of cooling sterile saline irrigant that can pass through the 
single working channel. The first lasers utilized for UTUC therapy were 
neodymium: YAG (Nd:YAG) and the holmium:YAG. The neodymium:YAG laser 
was first used for the cystoscopic treatment of bladder tumors. Initial application of 
this laser to upper tract urothelial carcinoma was performed using open surgical 
techniques to ablate urothelial carcinoma in the renal pelvis and intrarenal collect- 
ing system [100]. The technique was subsequently applied ureteroscopically [101] 
and was shown to ablate upper tract tumors with a lower rate of ureteral stricture 
formation than electrocoagulation [102]. 

The operating surgeon must remain mindful that the neodymium: YAG laser has 
a significant depth of penetration, which requires careful control. Deep penetration 
into the surrounding tissue can be achieved after several seconds of exposure. This 
can be useful for invasive intrarenal lesions to obtain deeper coagulation. To help 
minimize adjacent tissue thermal damage, the fiber tip is non-contact and moved 
across the lesion avoiding prolonged exposure. Characteristic blanching is a useful 
endpoint and should occur within seconds at a continuous setting of 20-30 watts. 
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The indication is basically for intrarenal lesions, while the application in the ureter 
is controversial and has been associated with higher stricture rates. 

The holmium: YAG laser is the most widely employed for soft tissue application 
in the upper urinary tract. This is a solid-state pulsed laser that can both fragment 
calculi and coagulate and ablate tissue. The application of holmium laser energy for 
upper urinary tract tumor therapy was first reported by two groups, Erhard and 
Bagley as well as Razvi and Denstedt, in 1995 [103, 104]. Pulsatile delivery and low 
overall power efficiently cleared low-grade papillary lesions but often was associ- 
ated with obscuring hematuria. At a wavelength of 2100 nm, this device produces a 
fiber-tip vaporization bubble, which has a localized effect when applied in saline 
irrigant. The fiber effect is thus a near-contact laser. Variables including delivered 
energy, frequency of pulsation, and pulse width can all be applied to obtain a desired 
tissue effect. Lower settings are better for ablation and to minimize hematuria, start- 
ing at 0.6 joules and 5-10 hertz and adjusting accordingly thereafter. Pulse width 
can be widened to improve coagulation, while tight pulse width and higher fre- 
quency are preferred when incising or ablating tissue. 

Treated tissue or stone for that matter is disrupted with pulsatile holmium laser 
energy, producing a cloud of debris. Irrigation is required to clear the optical field of 
vision. Control of bleeding can be achieved by applying lower energy settings and 
increased pulse duration and diffusing the laser light spot focus by increasing the 
distance between the fiber tip and target [105]. The synergistic combination of 
Nd:YAG applied to devascularize lesions and then holmium as a resecting wave- 
length applied through the same optical fiber in a stepwise manner is a common 
technique, which increases the efficiency of tumor therapy (Fig. 6.6). 

The newest laser energies employed for tumor therapy include 1470 nm/Raman 
lasers and the thulium:YAG laser which employs a wavelength of 2013 nm. Both 
are delivered through the same small caliber fibers employed for ND and 
holmium: YAG. Unlike Nd:YAG, both do not require a chromophobe to obtain a tis- 
sue effect. The 1470 nm/Raman laser can be delivered in a pulsatile or CW mode 
and is an efficient coagulator and simultaneous ablator of the tissue. The hemostatic 
effect is superior to holmium, while the surrounding tissue’s thermal effect is within 
a few millimeters of the fiber tip and thus much safer and more precise than 
Nd:YAG. Thulium:YAG is employed as a tumor resector, delivered in a pulsatile 
fashion similar to holmium. Recent laser advances allow for the simultaneous deliv- 
ery of both wavelengths through the same optical fiber (Jena Laser Systems, 
Germany), thus coagulating and resecting in a clear field with minimal bleeding, 
maximizing treatment efficiency with minimal debris cloud [106, 107]. 


Ureteroscopic Treatment of Large Intrarenal Lesions 


Large urothelial lesions (i.e., > 2.5 cm), either within the intrarenal collecting sys- 
tem or ureter and those that are circumferential in the ureter are often treated in 
stages allowing for adjacent tissue healing and sloughing of coagulated tumor. 


178 B. H. Rudnik et al. 


Fig. 6.6 (a) Digital ureteroscopic view of a papillary upper urinary tract lesion targeted for laser 
ablation. (b) Neodymium (Nd:YAG) laser coagulates the tumor resulting in a blanched, devascu- 
larized appearance (c) Holmium laser then ablates the coagulated tissue in a virtually bloodless 
field. (d) Successful tumor resection down to the base of the collecting system surface with excel- 
lent hemostasis 


Treating a section of the ureteral wall, for example, and then allowing a period of 
healing with re-epithelialization before completing treatment minimize the risk of 
stricture associated with thermal energy applied in this way [98]. First-stage ure- 
teroscopic treatment requires interval ureteral stenting, with the patient returning 
after a period of interval healing (i.e., 3-6 weeks) for additional treatment. Second- 
look ureteroscopy is also employed after extensive and/or multifocal tumor therapy 
to ensure complete resection and when visualization is compromised during the 
initial intervention due to associated hematuria, for example, where the optical field 
is suboptimal. Using this approach, Villa et al. have demonstrated residual tumor 
present in 51.2% of UTUC cases treated ureteroscopically with holmium in a series 
of 41 patients with mean index tumor size of 13 mm [108]. 
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For sizable intrarenal lesions that are particularly vascular, Nd: YAG laser energy 
can be employed to devascularize the lesion, with holmium laser energy employed 
immediately thereafter as a resecting wavelength. More recently 1470 nm/Raman 
laser and thulium has been employed with more efficient clearance of tumor and 
less associated hematuria. Applying these two laser wavelengths simultaneously 
can efficiently remove a sizeable lesion. A ureteral stent is regularly placed after the 
initial treatment, maintaining drainage while tumor sloughs, and edema from ther- 
mal therapy resolve. Employing the staged methodology can facilitate clearance of 
sizable low-grade lesions. Other relative indications for ureteral stenting post- 
ureteroscopic treatment include a solitary renal unit, tumor multifocality, and tumor 
that is located in the intra-mural ureter. 

At times, extensive low-grade tumors may be found carpeting large surface areas 
of the upper tract urothelium. These may be the only lesion in the system or may be 
associated with other large low-grade or even high-grade tumors. It is essentially 
impossible to aim a laser at each and coagulate or ablate all of them individually. 
They can be removed effectively by non-contact ablation. The holmium laser is set 
at a higher energy (1—2 J) and frequency (20-30 hertz) and activated slightly off the 
surface. The laser is painted over the tumor-bearing area, and the lesions can be seen 
to disappear without bleeding. 


Percutaneous/Antegrade Nephroscopic Approaches 


The presentation of antegrade nephroscopic and ureteroscopic therapy is for com- 
pleteness. The authors prefer a closed system when treating urothelial tumors endo- 
scopically, and by definition percutaneous access has the inherent risk of track 
seeding and so is employed in very select clinical presentations. Allowing a percu- 
taneous tract to mature before performing endoscopic resection while placing the 
access in a tumor-free calyx may minimize tract seeding [109]. 

Indications for an antegrade percutaneous endoscopic treatment include inability 
to access the collecting system in a retrograde fashion based on prior reconstruction 
(e.g., urinary diversion, neobladder, etc.) of lower urinary tract pathology prohibit- 
ing retrograde access (e.g., concurrent malignancies, prior radiotherapy, severely 
tortuous ureter) [110]. While historically antegrade endoscopic access was employed 
for dependent lower pole lesions, improved flexible ureteroscope design with 
greater mechanical deflectability has basically removed this indication except in 
very select cases [110-112]. 

Instrumentation for antegrade endoscopic tumor therapy is similar to retrograde 
energy sources, with the caveat that larger endoscopes and instrumentation and 
more irrigant can be employed through the operative sheath. Care must be taken to 
minimize tissue trauma and thermal effects while treating lesions in the kidney. This 
is underscored by the higher transfusion rate associated with this intervention. 
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Outcomes and Recurrence 


As UTUC is relatively uncommon, outcome data close to four decades of uretero- 
scopic treatment of urothelial cancer consists mostly of retrospective non- 
randomized studies [89, 90, 111]. In 2012, Grasso et al. published a non-randomized, 
prospectively accrued cohort with a 15-year follow-up of UTUC cases [96]. These 
results in 2018 were further analyzed with a 20-year follow-up. It illustrates that 
patients who were treated ureteroscopically for low-grade UTUC had cancer- 
specific survival outcomes similar to patients treated with radical nephroureterec- 
tomy (Fig. 6.7). 

It was a landmark study validating the change in management of low-grade 
UTUC using endoscopic techniques. In this study, Grasso et al. defined 2-, 5-, and 
10-year cancer-specific survival rates in the low-grade group were 97%, 87%, and 
78%, respectively (Fig. 6.7). 

On further analysis of those patients treated ureteroscopically with low-grade 
UTUC, 77% had a recurrence, with the majority being small lesions cleared endo- 
scopically. It is important to note that over time 15.2% of these patients progressed 
in grade and required additional therapies (Table 6.4). 
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Fig. 6.7 Comparison of survival in LG UTUC undergoing ureteroscopy or nephrectomy 
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Table 6.4 Outcome of ureteroscopy in the low-grade and high-grade UTUC cases 


Grl (therapeutic URS) Gr2 (palliative URS) 
No. of patients, n | 66 14 
Upper tract recurrence 51 14 
Progression 
Progression to high grade 10 (15%) NA 
Subsequent nephroureterectomy 11 4 
Survival 
Median OS (months) 126.8 29.2 
Cancer-related deaths |8 |12 


Adapted from Grasso et al. [96] 


In this study, patients were divided into three groups: Group 1, low-grade treated 
ureteroscopically; Group 2, high-grade ureteroscopic (palliative), and Group 3, 
radical nephroureterectomy. Further subgroup survival analysis was performed 
(Fig. 6.8). 

Size, and thus tumor volume, appears to be a prognosticator in patients with low- 
grade UTUC. Hubosky and Bagley’s report on treating large (>2 cm) low-grade 
lesions ureteroscopically reviewed 80 patients with a mean tumor diameter of 3 cm 
and mean follow-up of 43.6 months [98]. Ipsilateral recurrence was 90%, while 
progression in grade on follow-up was higher at 31.7%, with progression noted at a 
median of 26.3 months. OS was 75%, while CSS was 84% at 5 years. Therefore, 
grade progression is clearly higher in patients with larger lesions, a finding that 
needs to be discussed with patients when deciding whether to continue with 
nephron-sparing treatment or consider NU, depending on the unique individual 
circumstances. 

Alternatively, in those with high-grade disease treated ureteroscopically, this 
tends to be palliative. In Grasso’s series local control was obtained in the majority, 
while all progressed in stage and succumb to metastatic disease during follow-up 
[96]. The median survival of patients in this group was 29.2 months, with a 2-year 
survival rate of 54%. Given the difference in these outcomes between low- and 
high-grade diseases, it was not surprising that tumor grade was by far the most sig- 
nificant predictor of overall and cancer-specific survival in those patients presenting 
with upper tract malignancies regardless of surgical intervention (Fig. 6.9). It is in 
this group that adjuvant chemotherapy and immunotherapy, employing both check 
point and kinase inhibitors, are being explored. 

In general, local recurrence rates and cancer-specific survival are clearly influ- 
enced most importantly by tumor grade and volume. In a meta-analysis examining 
over 20 ureteroscopic series of UTUC treatment involving 736 patients, Cutress 
et al. reported local ipsilateral upper tract recurrence rates of 52-54% for low- to 
intermediate-grade tumors and 76% for high-grade tumors with follow-up between 
14 and 73 months [111]. The pooled disease-specific mortality was observed to be 
9%. In larger, more contemporary series with longer follow-up (range 44-54 months), 
local recurrence rates range from 68% to 91% with cancer-specific survival rates of 
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Fig. 6.8 Ureteroscopic and extirpative treatment of upper urinary tract urothelial carcinoma: a 
15-year comprehensive review of 160 consecutive patients. Overall survival (OS), cancer-specific 
survival (CSS), and metastasis-free survival (MFS). (BJU International 110(11):1618-26, First 
published: 28 March 2012, DOI: (10.1111/J.1464-410X.2012.11066.x) 


84-95% [95-98]. In patients with initial low-grade index lesions, progression to 
high-grade disease can be expected in 15% over time [96] and up to 30% in those 
presenting with tumor size greater than 2 cm [98]. Careful surveillance is absolutely 
mandatory, and second-stage evaluations are recommended within 6-8 weeks to 
treat residual luminal tumor, which has been reported in up to 51.2% following a 
first-stage procedure [108]. Undergrading of UTUC is also a legitimate concern, 
and diagnostic accuracy of ureteroscopic biopsy varies considerably in the literature 
[36, 46, 49, 50]. This is explained not only by various grading systems for UTUC 
used over time but also by inter-observer variations among cytopathologists and the 
fact that grade heterogeneity exists in UTUC much like it does in urothelial carci- 
noma of the bladder [113]. For these reasons, site-specific cytologies [114] should 
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Fig. 6.9 Comparison of survival between high-grade and low-grade UTUC 


always be obtained along with biopsies of any local recurrence. Yearly cross- 
sectional imaging should be obtained in all patients undergoing ureteroscopic treat- 
ment for UTUC, as there have been reports of patients developing locally advanced 
and/or metastatic disease even with low-grade index lesions and good local endo- 
scopic control of luminal tumor [96, 115]. 

Surveillance cystoscopy is also essential in UTUC patients since development of 
urothelial carcinoma of the bladder is very common. Individuals with new UTUC 
and no prior history of bladder cancer have been shown to present with simultane- 
ous bladder tumors 17% of the time [116]. In ureteroscopic series of patients treated 
for UTUC without prior bladder tumors, the eventual evolution of bladder cancer 
was noted in 33—34% [117, 118]. It has been noted that 80-90% of bladder tumors 
in cases such as this will develop within the first 2 years of UTUC diagnosis and will 
be non-muscle invasive in 88-95% [119, 120]. A series of UTUC patients with 
extended follow-up show higher rates of eventual bladder tumor development at 
42—61% with follow-up of 52-54 months [95, 96]. Risk factors for intravesical 
recurrence in UTUC patients undergoing NU include tumor multifocality, patho- 
logic staging, and overall tumor size [121] as well as a history of 
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immunosuppression [122]. To help minimize the risk of bladder recurrence, the role 
of intravesical chemotherapy after diagnostic ureteroscopy is appealing. O’Brien 
et al. have shown a decrease in bladder tumor development in bladder cancer-naïve 
UTUC patients undergoing NU and receiving a postoperative single dose of intra- 
vesical mitomycin versus those patient who did not. Within the first 12 months of 
NU, bladder tumor development was 16% in those receiving mitomycin versus 27% 
in those who did not [123]. 


Complications 


Initial concerns of tumor dissemination following ureteroscopic treatment of UTUC 
have been alleviated by reported clinical experience. Kulp and Bagley demonstrated 
no evidence of free tumor cells in the vascular or lymphatic spaces within the sub- 
mucosal space or renal parenchyma of NU specimens following ureteroscopic eval- 
uation and laser ablation of 13 consecutive patients treated for UTUC [124]. One 
patient had locally advanced disease, but this was suspected on pre-ureteroscopic 
imaging. No patient was found to have metastatic disease in follow-up. Later in a 
larger series of 96 patients undergoing NU for UTUC of which 48 patients had ure- 
teroscopic biopsy and 48 did not, it was noted that there was no difference in rates 
of metastatic disease (12.6% versus 18.8%) or cancer-specific death (10.4% both 
groups) [125]. Thus, experiences such as these have shown us over time that the 
mere performance of ureteroscopy fails to demonstrate a negative impact on long- 
term or disease-specific survival in patients with UTUC. 

The most common complication of ureteroscopic treatment for UTUC is ureteral 
stricture formation. A recent review of the literature examined 38 published series 
representing the clinical experience of over 1100 patients and defined a median 
stricture rate among these series of 10% [126]. This is considerably higher com- 
pared to the rates of ureteral stricture formation in patients undergoing ureteroscopy 
for stone treatment, which is reliably under 1% [127, 128]. Reasons for the higher 
stricture rate in UTUC patients include primary ureteral tumor location, choice of 
ablative energy source, need for repetitive surveillance procedures, and potential use 
of intraluminal chemotherapies. In Lenihan’s review of the literature, the highest 
reported rate of stent-dependent ureteral stricture was 27% (4/15 renal units) [129]. 
This was a series of UTUC patients with Lynch syndrome, a unique cohort of indi- 
viduals with upper tract disease in which tumors are more commonly found in the 
ureter compared to the intrarenal collecting system [130]. Furthermore, these 
patients often have multiple pelvic malignancies including colorectal and endome- 
trial carcinomas, necessitating frequent pelvic surgery and/or external beam radia- 
tion treatment, both potential promoters of ureteral ischemia. Given the potential for 
metachronous UTUC development in these patients, conservative ureteroscopic 
treatment is encouraged whenever clinically possible [131]. Thus, Lynch syndrome 
patients with UTUC, not surprisingly, offer a significant clinical challenge in terms 
of ureteral stricture development (Fig. 6.10). 
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Fig. 6.10 (a) Retrograde pyelogram demonstrating long, multi-focal, broad-based proximal ure- 
teral tumor (arrow) in a female patient with Lynch syndrome, history of hysterectomy, and pelvic 
radiation treatment for endometrial carcinoma. (b) Ureteroscopic resection of tumor results in 
complete resolution of filling defect on retrograde pyelogram. Unfortunately, but not surprisingly, 
this patient evolved a stent-dependent ureteral stricture but has no evidence of locally advanced or 
metastatic disease at the time of publication 


Conclusion 


Ureteroscopic tumor ablation of UTUC is the prime nephron-sparing treatment 
modality for well-selected, low-risk patients with equivalent cancer-specific sur- 
vival relative to radical NU. Local ipsilateral upper tract recurrences are common, 
as are recurrent bladder lesions, and although usually very amenable to further abla- 
tive treatment mandate strict lifetime commitment to surveillance. With increasing 
experience, larger luminal lesions are able to be treated but can manifest with higher 
rates of local recurrence and grade progression. The ultimate treatment choice for 
UTUC must consider tumor grade, tumor size/volume, best estimate of clinical 
stage, baseline renal function, condition of the contralateral renal unit, and fitness 
for nephroureterectomy. 


Adjuvant Treatment for Upper Tract Urothelial Carcinoma: 
Topical and Systemic 


Michael Grasso III, Joseph K. Izes, and Anna W. Komorowski 
Adjuvant Topical Treatment 
Introduction 


In bladder cancer, intravesical installation of topical therapy is well established as 
an adjuvant therapy for patients with high-risk superficial disease, multifocal 
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disease, and/or carcinoma in situ. These topical treatments have been extended to 
patients with upper tract urothelial cancer (UTUC). As in treatment of urothelial 
bladder cancers, several agents including Bacillus Calmette-Guérin (BCG), alpha 
interferon, mitomycin C, gemcitabine, and valrubicin have been employed topically 
for UTUC to decrease the rates of recurrence and progression post-endoscopic 
therapy. 


Delivery Routes 


The main challenge in instillation of topical therapies into the upper tract is ensuring 
adequate urothelial contact time/exposure due to lack of storage organ similar to 
bladder due to the constant flow of urine. The three main delivery methods include 
[132-134]: 


1. Antegrade via a small caliber pigtail nephrostomy catheter. 

2. Retrograde via single-pigtail ureteral catheter secured to a Foley bladder drain- 
age catheter. 

3. Intravesical instillation with vesico-ureteral reflux via a double- pigtail stent. 


Topical agents should be administered under low pressure, preferably with grav- 
ity drip. With all the three techniques, intrarenal pressures must be kept low, to 
prevent pyelovenous or pyelolymphatic back flow. One also must be mindful of the 
renal pelvic volume, in an undilated system, which can vary between 5 and 15 mL. A 
variation of the retrograde ureteral catheter is that of Patel and Fuchs, who described 
placement of a 5Fr single-pigtail catheter by way of a suprapubic route for instilla- 
tion of topical BCG, therefore bypassing the urethra [135]. 


Instillation Technique 


The application of topical agents in the upper urinary tract requires an externally 
draining catheter. A single-pigtail ureteral stent of relatively small diameter, most 
commonly 6 French, is employed which is secured to a bladder drainage catheter 
during treatment. This ureteral stent can be positioned post-ureteroscopic treatment 
into the upper urinary tract with the proximal pigtail precisely coiled in a predeter- 
mined segment of the intrarenal collecting system, preventing inadvertent instilla- 
tion into the tissue. By contrast, if an open-ended catheter is placed, the tip may 
inadvertently penetrate the tissue, increasing the risk of absorption with significant 
systemic risk. For this reason, as a routine, the pigtail catheter’s position should be 
verified with contrast fluoroscopically before instillation of the topical agent. 

A small aliquot of contrast (e.g., 2 to 10 cc based on the volume of the intrarenal 
collecting system) is employed through the catheter with simultaneous real-time 
fluoroscopic imaging to obtain a retrograde ureteropyelogram. If significant extrav- 
asation is noted at the end of the ureteroscopic procedure during this maneuver, then 
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the application of the topical chemotherapy should be delayed, and the catheter set 
to gravity until the upper urinary tract seals. 

Reflux based on an indwelling ureteral stent failed to facilitate upper tract uro- 
thelium coverage with the desired agent in at least 50% of renal units in a porcine 
model, underscoring the lack of reliability of that technique [136]. Percutaneous 
nephrostomy application has the inherently greater risk of bleeding and infection 
associated with initial placement and has the theoretical risk of tract seeding. 
Allowing the percutaneous tract to mature before infusion is recommended to mini- 
mize tissue absorption and to create a closed system. 

In an ex vivo porcine model, Pollard et al. measured the percentage of upper tract 
urothelium stained by continuous infusion over 1 hour of indigo carmine solution 
via the three methods [137]. An open-ended ureteral catheter resulted in 83.6% of 
surface area stained versus 65.2% and 66.2% for the nephrostomy and refluxing 
double-pigtail stent, respectively. 

BCG typically requires a course of treatment, mandating either a long-term 
nephrostomy or repeated insertion of a retrograde catheter or Patel and Fuchs’ tech- 
nique described above [135]. On the other hand, mitomycin C is employed as a 
single dose immediately after ureteroscopic ablation or on a fixed schedule (e.g., for 
treatment of CIS) applied via a single-pigtail ureteral catheter. Regardless of the 
route of administration, dwell time, that is, the duration of contact between active 
agent and urothelium, is a limiting factor even with slow infusion. 


Mitomycin C Treatment 


Mitomycin C (MMC) is an alkylating agent, which is used to prevent recurrence of 
bladder cancer. MMC has been employed most commonly as an adjuvant therapy 
after ureteroscopic resection of an upper urinary tract urothelial tumor. The applica- 
tion is applied through a single-pigtail stent, infused slowly to allow for prolonged 
urothelial contact time. It has been used in the adjuvant setting after endoscopic 
treatment of UTUC at a dose of 40 mg. Martinez-Pineiro et al. treated 14 renal units 
and demonstrated a recurrence rate of 14% [138]. Keeley and Bagley treated 21 
renal units with MMC after endoscopic treatment due to high-risk features includ- 
ing residual luminal tumor (13 cases), multifocal lesions (10 cases), high-grade 
tumor (3 cases), or history of rapid recurrence after previous endoscopic treatment 
(2 cases). A complete response was seen in 45% (9/19 cases) and partial response in 
37% (7/19 cases) [139]. Aboumarzouk et al. presented 19 patients treated in a retro- 
grade fashion with 65% without recurrence at 20 months, while 15% presented with 
ureteral stricture disease [140]. 

Table 6.5 presents various retrospective studies where topical MMC instillation 
was employed in UTUC (Table 6.5). A recent retrospective review of patients who 
underwent complete ureteroscopic resection of papillary disease and then received 
a course of induction therapy via ureteral catheter or percutaneous nephrostomy 
with mitomycin C showed a 3-year recurrence-free, progression-free, and overall 
survival rate of 60%, 80%, and 76%, respectively [141]. Of note, 9 of 27 patients in 
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this series experienced an intervention-related adverse outcome, but there was no 
systemic toxicity seen. Gallioli et al. reported an almost 50% reduction in rates of 
recurrence following a single, immediate postoperative dose of upper urinary tract 
mitomycin C after therapeutic ureteroscopy for complete endoscopic removal of 
low-grade lesions [142]. The mean time to local urothelial recurrence in those 
treated with the single postoperative dose of MMC was 28.8 months compared to 
18.8 months in those who did not receive MMC. Balasubramanian et al. demon- 
strated some success with salvage topical therapy using a variety of agents [143]. In 
this small study with most patients having a contraindication to NU, there was a 
50% overall response rate to second-line treatment. It was observed that 62% (8/13) 
of patients with clinical Ta to T1 disease responded compared to only 20% (1/5) of 
patients with upper tract CIS showing a response [143]. Therefore, within the limits 
of this small study, second-stage topical therapies may serve a palliative role in 
those with recurrent disease unable to tolerate NU, although those with recurrent 
upper tract CIS are less likely to benefit. 


Complications and side effects MMC is generally well tolerated. Fatal pneumo- 
nia has been reported rarely due to agranulocytosis following MMC extravasation 
[138]. Hence, retrograde pyelogram should be performed after catheter placement 
to ensure proper positioning without extravasation. Both ureteral stricture and 
infundibular stenosis have been reported with topical MMC application and may be 
a product of prolonged contact time [146]. 


Mitomycin Gel Topical Therapy 


The FDA recently approved a sustained release formulation of mitomycin C based 
on a proprietary thermal-sensitive hydrogel technology for low-grade upper tract 
urothelial cancer. Marketed as “Jelmyto,” this preparation is liquid at cold tempera- 
tures and becomes a gel at body temperature. Mitomycin-containing reverse ther- 
mal gel (M-CRTG) is slowly dissolved by urine and provides 4-6 hours of contact 
exposure of the urothelium to mitomycin C when administered through a ureteral 
catheter (Fig. 6.11). In a porcine model-based study, it was found to be safe with no 
evidence of sepsis, myelosuppression, or urinary obstruction [147]. In a recent 
single-arm phase 3 trial, patients with LG UTUC across 24 different centers in the 
USA and Israel had the agent instilled for chemoablation of luminal index lesions 
measuring between 5 and 15 mm, with 6 weekly instillations of the gel. Out of 71 
patients, who received at least one dose of the gel, 42 (59%) had a complete response 
at initial primary evaluation performed at 4-6 weeks after completion of therapy 
(Fig. 6.12) [148]. An important secondary endpoint was durability of response in 
those patients who achieved initial complete response. At the time of publication, 
only 20 patients were available for 12-month post-treatment assessment, and 14 
(70%) demonstrated no local recurrence. The study lacked a control group. In addi- 
tion there was a high rate of adverse events: 85% of patients have at least one 
reported adverse event, and 37% had at least one serious adverse event. The most 
common adverse events included ureteral stenosis (44%), UTI (32%), and 
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Fig. 6.11 (a) Mitomycin-containing reverse thermal gel is liquefied at temperatures between 35 
and 46 °F; therefore it is kept at this cold temperature prior to installation. (b) While liquefied at 
cold temperatures, a carefully selected volume of the reverse thermal gel, based on previously 
obtained volumetric measurements of the individual patient, is administered into the luminal space 
of the upper urinary tract. This is performed under fluoroscopy, through a ureteral catheter measur- 
ing between 5 and 7Fr with a proprietary syringe lever especially designed to deliver the high- 
viscosity liquefied gel 


Fig. 6.12 (a) Low-grade upper urinary tract index lesion (black arrow) in a position difficult to 
ablate with flexible ureteroscopy. (b) Complete chemoablation of the index lesion after six treat- 
ments of mitomycin-containing reverse thermal gel, with former position marked by black arrow. 
Black star marks necrotic tumor formerly treated with laser coagulation (separate from index lesion) 
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hematuria (31%). As of publication, there were 11 (15%) patients in whom stents 
were considered “necessary in the long term” and two patients who underwent NU 
due to stent-dependent ureteral stricture. Both of these cases demonstrated no resid- 
ual cancer on the final pathologic assessment. Although not mandating permanent 
stent dependence, some cases of what can be considered sub-clinical ureteral steno- 
sis can make necessary ureteroscopic surveillance more technically challenging 
(Fig. 6.13). In summary, early clinical data show a promise for the gel as an adjuvant 
treatment modality, particularly for low-volume, low-grade UTUC lesions, which 
may be difficult to reach endoscopically. Durability of response appears to be 
encouraging, but longer-term data is clearly needed to understand if Jelmyto will 
decrease local recurrence rates compared to endoscopic ablative management alone. 
Potential disadvantages include increasing ureteral (and possibly intrarenal) steno- 
sis, making future endoscopic surveillance challenging, as well as costly. For these 
reasons, it is very important to note that according to NCCN guidelines for low- 
grade UTUC lesions, mitomycin-containing reverse thermal gel is not a substitute 
for complete endoscopic ablation, whenever feasible [94]. 


Fig. 6.13 (a) Retrograde pyelogram demonstrating a new proximal ureteral narrowing/stricture 
(arrow) in the same patient, 4 weeks after mitomycin-containing reverse thermal gel administra- 
tion. (b) This sub-clinical ureteral stricture needed to be dilated with a balloon in order for subse- 
quent ureteroscopic surveillance to be performed 


192 B. H. Rudnik et al. 
BCG Treatment 


Bacillus Calmette-Guérin (BCG) is an attenuated mycobacterium, which demon- 
strates an immunomodulatory effect treating urothelial cancer. For over four 
decades, BCG has been the standard adjuvant treatment for high-grade non-muscle- 
invasive bladder cancer (NMIBO) as well as the carcinoma in situ (CIS). BCG is 
used in the treatment of upper tract CIS as well as an adjuvant treatment of high- 
grade UTUC: 


1. Treatment for CIS: The use of BCG to treat CIS of the upper tract has been 
described in a number of small retrospective series [146]. Typically, 6-weekly 
doses were instilled in most of the series. Kojima et al. used an 8-week course for 
CIS of upper tracts [149]. The change of urine cytology from positive to negative 
was defined as the response. The average response rate in these studies was 
greater than 60%. Further treatment was usually given if cytology remained posi- 
tive. A subsequent recurrence rate of up to 55% is described. Hayashida et al. 
found a recurrence rate of 50% with mortality in all patients with recurrence [150]. 

2. Adjuvant treatment after the endoscopic treatment of UTUC: Various studies 
employing topical BCG in UTUC have defined efficacy, while small and often 
non-randomized retrospective analysis limits broad conclusions [146]. 

3. Combination of BCG and interferon-alpha topically, not unlike the in the blad- 
der, appears to expand efficacy. In one small cohort of 11-patient series, there 
was a 73% initial complete response (CR), which increased to 82% after the 
second induction course [151]. 


Complications and Side Effects of BCG 


The most common side effect of treatment of UTUC with BCG is fever. Twenty-five 
percent of patients were found to develop asymptomatic granulomatous involve- 
ment of the pelvis and of unclear clinical insignificance [152]. Hayashida et al. 
employed oral prophylactic isoniazid treatment halfway through BCG course to 
counter this risk [150]. 

Ureteral stenosis and hydronephrosis have been described after upper urinary 
tract application of BCG [152]. Granulomatous ureteric strictures have also been 
noted, precluding future endoscopic surveillance, ultimately requiring nephroure- 
terectomy [152]. Rarely, fatal overwhelming sepsis can occur. Risk factors include 
colonization of the upper urinary tract secondary to chronic catheterization 
[132, 153]. 


Other Topical Agents 


Thiotepa, an alkylating agent, has been employed topically in patients with urothe- 
lial malignancies. It has high hematopoietic toxicity as it has high systemic 
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absorption due to small molecular weight and for those reasons is rarely adminis- 
tered today. The recurrence rate with thiotepa was reported as 60% in a five-patient 
series, compared to 12.5% for BCG [138]. 

The benefit of topical luminal therapy in UTUC is still incompletely understood 
for many reasons. Most published experience is that of retrospective series made up 
of a small number of patients with heterogeneic tumor characteristics including 
tumor grade, tumor multifocality, and completeness of endoscopic treatment prior 
to topical therapy. Most importantly is the lack of direct comparison to a well- 
matched control group undergoing effective and well-managed endoscopic treat- 
ment. In patient cohorts such as this, we know the local recurrence rate is variable 
but also relatively high ranging between 38 and 90% in series with long-term fol- 
low-up between 52 and 60 months [95-97, 154]. Given the potential liabilities of 
topical therapies, including multiple upper urinary tract manipulations, possibility 
of ureteral stricture or narrowing, potential for infection, and cost, this represents an 
area in a serious need of additional study. 


Systemic Treatment for UTUC 


UTUC is a relatively rare disease and represents 5—10% of all urothelial cancers 
with median age at presentation similar to bladder cancer. Radical nephroureterec- 
tomy is considered to be the standard of care for low- and high-risk disease. UTUC 
has recurrence rate reported in up to 50%, with both local disease in the lymph 
nodes, intraluminal including contralateral ureter, bladder, as well as metastatic dis- 
ease. Patients with solitary kidney, underlying kidney insufficiency, bilateral dis- 
ease, or not suitable for dialysis or transplant remains a challenge. Clinical trials of 
adjuvant immune and chemotherapies are few and mostly employed in advanced 
disease. Treatment in the UTUC is most often directly extrapolated from bladder 
cancer trials since there is paucity of data and subsequently guidelines. The trends 
in the last 20 years in the management of urothelial cancer include preoperative 
diagnostic endoscopies, improved surgical techniques including retroperitoneal 
lymph node dissection, and application of neo- and adjuvant chemotherapy that 
improved 2-year cancer-specific survival from 76% to 87% [155]. The upstaging 
from non-muscle-invasive to muscle-invasive cancer following the surgery happens 
in up to 30% of patients and is more frequent in UTUC than bladder cancer [156]. 
In the preoperative neoadjuvant settings, approximately 60% of patients are cispla- 
tin eligible, and following nephroureterectomy due to decreased renal reserve and 
perioperative complications, only 15-30% is able to receive platinum-based adju- 
vant chemotherapy. There is a growing number of retrospective and prospective 
studies indicating that patients who received neoadjuvant chemotherapy had down- 
staging of the disease, pathologic CR, and better overall survival. MVAC (metho- 
trexate, vinblastine, adriamycin, and cisplatin) or GC (gemcitabine, cisplatin), 
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employed in a neoadjuvant setting for locally advanced high-grade bladder cancers 
(stage T2—T4a), has shown promising results in the neoadjuvant setting for UTUC, 
yielding ypT1 stage or less in 62% [157]. 


Evidence Suggesting a Role of Neoadjuvant Chemotherapy in UTUC 


Significant pathologic downstaging was seen for patients who received neoadjuvant 
chemotherapy prior to nephroureterectomy (including a 25.4% reduction in the 
incidence of pT2 or higher disease and a 41.5% reduction in the incidence of pT3 or 
higher disease) [158]. In a series by Porten et al., neoadjuvant chemotherapy had 
14% CR with significant downstaging and so emphasized the application in those 
with high-risk UTUC (clinical T4 disease or grossly involved lymph nodes) [159]. 
The 5-year rate of OS which was in those treated with neoadjuvant chemotherapy 
was statistically significant (80.2% vs. 57.6%, p = 0.02). Pathologic downstaging to 
pTIN0M0 in 75% and to pTONOMO in 38% with ddMVAC regimen of upper tract 
tumor was accomplished in 75% of patients with 2-year OS and DSS in 93% and 
93% of patients. The response rate was better for patients in UTUC versus those 
with bladder cancer [160]. A multinational study underscored the safety and effi- 
cacy of neoadjuvant chemotherapy, with improved oncological outcomes in locally 
advanced regional node-positive UTUC [161]. EAU guidelines currently recom- 
mend perioperative chemotherapy for high-risk nonmetastatic UTUC, as there 
appears to be an overall and disease-free survival benefits for cisplatin-based che- 
motherapy [162]. 


Adjuvant Chemotherapy for UTUC 


UTUC are chemo-sensitive similar to bladder urothelial malignancies. Retrospective 
studies have not shown any significant improvement in overall survival [163, 164]. 
A recent study has shown survival benefit of adjuvant chemotherapy versus obser- 
vation after radical nephroureterectomy for pT3/T4 and/or lymph node-positive 
UTUC [165]. 

Adjuvant chemotherapy with either cisplatin or carboplatin for GFR < 50 ml/min 
in combination with gemcitabine day for upper tract urothelial carcinoma (POUT 
trial) for patient with pT2—pT4 pNO-N3 MO and any T and NI—N3 MO showed a 
significant advantage for disease-free survival with 3-year event-free survival 71% 
and 46%, respectively, in patient treated versus observation. There was an advan- 
tage of cisplatin versus carboplatin-based treatment, but there was definite benefit 
derived in patients with suboptimal renal function when carboplatin was substituted 
[166]. Based on the POUT study, adjuvant chemotherapy is the standard of care for 
patients who did not receive neoadjuvant chemotherapy and underwent 
nephroureterectomy. 
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Most chemotherapy regimens offered in the adjuvant setting are cisplatin based. 
A major limitation of this regimen is that not all patients are candidates for it because 
of comorbidities and impaired renal function after radical nephroureterectomy [86]. 
Chemotherapy-related toxicity, particularly nephrotoxicity due to platinum deriva- 
tives, may significantly reduce survival and quality of life in patients with postop- 
erative renal dysfunction. 


Adjuvant Check Point Inhibitors: Immunotherapy 


Immune checkpoint inhibitors (CPI) are immune modulators, extending the life or 
T-cells and thus prolonging and enhancing the immune response to a malignancy. In 
recent trials for urothelial malignancies, checkpoint inhibitors have generated 
increased interest due to favorable objective response rate in comparison to standard 
chemotherapy [167, 168]. The FDA has approved the following five checkpoint 
inhibitors for the treatment of urothelial cancers in the first line for cisplatin- 
ineligible locally advanced or metastatic tumors: pembrolizumab, nivolumab, 
atezolizumab, durvalumab, and avelumab [169]. Only Pembrolizumab and atezoli- 
zumab have completed phase 3 trials in urothelial cancers and are approved as first 
line in cisplatin-ineligible tumors (KEYNOTE 045 trial and IMvigor211 trial, 
respectively [170-172]. Other agents have completed phase 2 trials with favorable 
response and adverse effect profile [173-176]. Within KEYNOTE and IMvigor tri- 
als, 27% of cases had UTUC, though no subgroup analysis was performed 
[170-172]. 

Patients with UTUC treated ureteroscopically tend to be those with low-grade 
disease. There are others who are either not candidates for NU or refuse extirpative 
surgery where systemic immunotherapy is being studied. Our preliminary experi- 
ence defines increased survival, albeit not disease-free, in patients with high-grade 
UTUC treated endoscopically with concurrent adjuvant CPI. PDLI tumor expres- 
sion appears to correlate with response rates, with >10% expression being particu- 
larly favorable. Other potential indications for URS and adjuvant CPI include those 
patients with large-volume bilateral low-grade disease and those with Lynch syn- 
drome, who are believed to be more susceptible to bilateral UTUC over time 
[129, 130]. 


Lynch Syndrome 
Lynch syndrome or hereditary non-polyposis colorectal cancer (HNPCC) is an 


autosomal dominant multi-organ cancer syndrome with upper tract urothelial 
cancer ranking third after colorectal and endometrial cancer in patients diagnosed 


196 B. H. Rudnik et al. 


with a genetic mutation. Up to 21% of newly diagnosed patients with UTUC may 
have underlying HNPCC. Patients with hereditary UTUC were more likely to be 
females (P = 0.047), less likely smokers (P = 0.012), and no history of occupa- 
tional carcinogens (P = 0.037) [177]. Identifying patients with Lynch syndrome 
not only allows to improve screening and early detection of other malignancies 
but also permits for effective and targeted treatment with immunotherapy in 
patients with UTUC thanks to increased neoantigen presentation with MSI- 
high tumors. 


Solitary Kidney or Patients with Chronic Kidney Disease (CKD) 


In patients with an anatomically solitary kidney, solitary functioning kidney, or 
suboptimal renal function, standard of care treatment with NU leads to depen- 
dence on hemodialysis. An estimated 7—10.9% of patients with localized upper 
tract urothelial cancer will not undergo definitive therapy with shorter overall sur- 
vival in older age, male gender, and higher grade [178]. Approximately 40% of 
patients over age 70 will not meet criteria of adequate renal function to receive 
standard of care platinum-based chemotherapy either with ddMVAC or gem- 
citabine/cisplatin, and alternative regimen with carboplatin is not safe with GFR 
below 30 mL/min. 

Patients such as these are a niche population that is not considered to be eligible 
for most clinical trials and are usually not identified in the guidelines. In this group 
of patients, a multidisciplinary approach with delineation of goals of treatment and 
good communication with the patient and family is needed. Combination chemo- 
therapy in front-line treatment with gemcitabine, paclitaxel, and doxorubicin (GTA) 
with support of growth factors, showed response rate of 56.4% with median overall 
survival rate of 14.4 months and is considered a platinum-sparing alternative for 
patients with advanced urothelial cancer [179]. A clinical trial involving the combi- 
nation of BCG and pembrolizumab in patients who are not a candidates for nephro- 
ureterectomy after endoscopic ablation of high-risk superficial upper urinary tract is 
ongoing (NCT03345 134) (Table 6.6). 

Toxicities associated with CPI are most often autoimmune in nature and require 
prompt treatment, most commonly with corticosteroids. Common adverse symp- 
toms include fatigue (18.3%), pruritus (11%), and diarrhea (9.5%) and hypothy- 
roidism [182]. Serious autoimmune effects include hypophysitis leading to 
Addisonian crisis, pneumonitis, colitis, myasthenia gravis, and nephritis. Steroid 
therapy is the mainstay of treatment for these complications [182]. Of note, com- 
bined CPI administrations appear to significantly increase the risk or autoimmune 
disorders. 
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Table 6.6 FDA-approved immunotherapeutic drugs for urothelial cancers 
FDA Mechanism Landmark | Study 
Agent approval | of action Brand trial population Outcome 
Atezolizumab | May PD L1/ Tecentriq | IMvigor Metastatic Overall 
2016 IgG4 [180] urothelial survival: 
cancers 11.1 months 
progressing PFS: 
after platinum- | 2.1 months 
based 
chemotherapy 
Pembrolizumab | May PD L1/ Keytruda | Keynote Cisplatin- OS: 
2017 IgG4 052, [181] | ineligible 10.3 months 
Keynote population and | PFS: 
045 [171] | no prior 2.1 months 
chemotherapy 
Nivolumab Feb. PD L1/ Opdivo | Checkmate | Locally Confirmed 
2017 IgG4 275 [173] | advanced or objective 
and 032 metastatic response 
[174] urothelial seen in 
cancer which 19.6% 
progressed 
after previous 
platinum-based 
CT 
Avelumab May PD L1/ Bavencio | Javelin Locally Complete or 
2017 IgG4 [176] advanced or partial 
metastatic response 
urothelial was seen in 
cancer which 17% 
progressed 
after previous 
platinum-based 
CT 
Durvalumab May PD L1/ Imfinzi | Study 1108 | Locally Objective 
2017 IgG4 kappa [175] advanced or response rate 
metastatic UC | in 17.8% 
that progressed 
on, were 
eligible for, or 
refused CT 
Conclusion 


Both topical and systemic chemotherapy and immunotherapy play a role in the 
treatment of UTUC. The true benefit of topical/luminal therapy is still not com- 
pletely understood, especially against the experience of well-managed endoscopic 
treatment with strict surveillance. Systemic chemotherapy and immunotherapy may 
have a role in certain ureteroscopically treated UTUC patients. Such individuals 
include those with contraindications to NU and high-grade UTUC, those with bulky 
low-grade lesions difficult to clear endoscopically, and patients with mismatch 
repair-deficient tumors, as seen in Lynch syndrome. 
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Chapter 7 A) 
Ureteroscopic Management of Upper gas 
Urinary Tract Obstruction 


Scott G. Hubosky and Demetrius H. Bagley 


Introduction 


When faced with upper urinary tract obstruction, the ultimate treatment goal should 
be to obtain durable, tubeless, efficient drainage with the least amount of imposed 
procedural morbidity for the patient whenever possible. Treatment must be tailored 
to the individual situation, given the many etiologies for upper tract obstruction and 
the various options for intervention. Two common forms of upper tract obstruction 
include ureteropelvic junction (UPJ) obstructions and ureteral strictures, both of 
which can be congenital or acquired. The broad treatment categories for upper tract 
obstruction include formal surgical reconstruction, which can be performed open or 
laparoscopically, with or without robotic assistance, and endourological incision of 
the obstruction. Given the higher long-term patency rates of pyeloplasty [1, 2], min- 
imally invasive advantages of laparoscopy, and widespread dissemination of robot- 
ics, endopyelotomy rates have significantly declined. Nevertheless, endopyelotomy 
and endoureterotomy are still indicated in select cases. 
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Ureteropelvic Junction (UP.J) Obstruction 


Etiology 


UPJ obstructions can be congenital or acquired. Congenital UPJ obstructions often 
manifest in the pediatric population either on prenatal ultrasound screening as 
hydronephrosis or with postnatal symptoms such as flank or abdominal pain, renal 
colic, fever, or a combination of these. Not uncommonly, patients with congenital 
UPJ obstructions present with symptoms in young adulthood or later. Congenital 
UPJ obstructions are usually classified into one of three main categories, which are 
not necessary mutually exclusive. These are intrinsic obstruction, extrinsic obstruc- 
tion from lower pole crossing vessels, and high insertion morphology. 

The exact etiology of UPJ obstructions is still not entirely clear, as multiple embryo- 
logical and histopathological studies over the years have demonstrated conflicting find- 
ings [3, 4]. Cases of intrinsic obstruction demonstrate focal luminal narrowing at the 
UPJ in the absence of any factor contributing to extrinsic compression (Fig. 7.1). 
Accessory crossing blood vessels are often found anterior to the UPJ and have actually 
been noted in almost 20% of patients with normal, patent UPJs [5]. Although seemingly 
dependent on patient age, the presence of crossing vessels in obstructed UPJs has been 
reported at 50% [6] and, in some cases, is responsible for extrinsic compression 
(Fig. 7.2). Debate exists as if the crossing vessels are the actual cause of obstruction or 
if they simply simultaneously coexist in some cases of intrinsic obstruction. Nevertheless, 


Fig. 7.1 Retrograde 
pyelogram demonstrating RETRO G RADE ó 
focal stenosis of the left ni R: 
ureteropelvic junction du t 
(UPJ). Additional imaging 
during workup showed no 
evidence of extrinsic 
obstruction 
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Fig.7.2 (a) Retrograde pyelogram of a patient with right-sided ureteropelvic junction obstruction 
secondary to an anterior crossing vessel. Arrow marks the apex of the redundant anterior renal 
pelvis, “draped over” anterior crossing vessels. (b) Same patient during laparoscopic pyeloplasty. 
Star marks the right ureter, and arrow marks the redundant renal pelvis, which overlies the crossing 
vessels, not seen in this view. (c) Right renal pelvis is retracted cranially and laterally (white 
arrow), exposing anterior crossing vessel (black arrow) and ureter (black star) 


multiple groups over time have shown the presence of crossing vessels to be negatively 
correlated with durable patency following endopyelotomy [7-9]. Additionally, these 
crossing vessels can be violated during ureteroscopic endopyelotomy and be a source of 
significant hemorrhage [10]. High insertion morphology is less commonly seen but has 
a distinctive appearance on retrograde pyelogram (Fig. 7.3). 

Secondary UPJ obstructions are acquired. These can arise from frequent stone 
passage and/or treatments but most commonly result from previously unsuccessful 
primary treatments of a UPJ obstruction. Defining failure of a primary procedure 
used to treat UPJ obstruction has historically not been uniform, making results 
among different studies difficult to objectively judge. Nevertheless, success is usu- 
ally defined by a radiographic study to determine upper tract patency and improve- 
ment in symptoms, although the use of standardized questionnaires is uncommon. 
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Fig.7.3 High insertion 
morphology can be seen on 
the left retrograde 
pyelogram. Arrow shows 
the origin of the left 
ureteropelvic junction is 
not in the most dependent 
position to allow for 
maximized drainage 


A third and quite practical criterion to determine success is the absence of further 
needed intervention [11], which is inconsistently reported. 


Endopyelotomy 


The foundation for current endoscopic management of UPJ obstructions and ure- 
teral strictures was provided by David M. Davis. In his description of the intubated 
ureterotomy during the 1940s, he demonstrated in a canine model that a stented 
incision of the UPJ epithelialized in 1 week and that almost complete smooth mus- 
cle regeneration occurred circumferentially in 6 weeks [12]. It is this healing by 
secondary intention of the ureter over a stent that makes endoscopic incision an 
effective treatment option. 

The first endopyelotomy was performed in 1983 by way of a percutaneous ante- 
grade approach using cold-knife incision of the UPJ [13]. This technique was attrac- 
tive as a less invasive alternative to open pyeloplasty and was further advanced by 
Arthur Smith and colleagues, who in 1997 reported an 85% success rate with at 
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least 6 months of follow-up, in a series of 401 antegrade endopyelotomies [14]. A 
combined antegrade and retrograde approach was described by Bagley et al. in 
order to regain patency to obliterated UPJ obstructions [15]. A purely retrograde 
ureteroscopic approach to endopyelotomy was described in 1986 by Inglis and 
Tolley, using a diathermy hook and semi-rigid ureteroscopy [16]. Since then, retro- 
grade ureteroscopic endopyelotomy has evolved to include the routine use of flexi- 
ble ureteroscopy so the incision can be performed under direct vision. Incisions can 
be made with a cold knife or electrocautery using a hook, but the holmium (Ho) 
laser has become more popular, given its versatility in lithotripsy and widespread 
availability. 

In 1993, Schuessler et al. described the first case series of laparoscopic dismem- 
bered pyeloplasty resulting in resolution of obstruction in five patients with an aver- 
age of 12-month follow-up [17]. This technique quickly gained popularity due not 
only to its minimally invasive nature compared to open pyeloplasty but also for its 
versatility [18]. Purely laparoscopic pyeloplasty could be tailored to the specific 
pathology around the UPJ. Anderson-Hynes dismembered pyeloplasty could be 
performed for crossing vessel etiologies. In the absence of crossing vessels, 
Heineke-Mikulicz type repairs could be performed for short stenotic segments, and 
a Foley V-Y plasty repair could be applied to high insertion-type morphologies. 
With time and experience, the durable patency rate of laparoscopic pyeloplasty was 
shown in multiple studies to be superior to endopyelotomy for treatment of primary 
UPJ obstructions (Table 7.1). Yanke et al. reported 76% patency rate for laparo- 
scopic pyeloplasty at 7 years of follow-up compared to 50% patency for those 
patients undergoing retrograde ureteroscopic endopyelotomy [1]. Dimarco et al. 
showed 75% patency rate for open pyeloplasty at 10 years versus 41% for antegrade 
endopyelotomy [2]. The refinement and widespread availability of robotic assis- 
tance have diminished the learning curve of laparoscopic pyeloplasty, and as a 
result, endopyelotomy has assumed a secondary role in the treatment of UPJ 
obstructions. 


Table 7.1 Postoperative patency rates of pyeloplasty versus endopyelotomy 


| Median months Patencyat | Patency at | Patency at 
Number | follow-up (range) | | year 3 years 7 years 
TJU series [1] _ _ _ _ _ 
Retrograde 128 20 (1-165) 82% 62% 50% 
Endopyelotomy 
Laparoscopic 116 20 (1-87) 93% 86% 76% 
Pyeloplasty 
Mayo series [2] _ | _ Patency at | Patency at | Patency at 
| 1 year 5 years 10 years 

Antegrade 182 37 (1-1674) 63% 55% 41% 
Endopyelotomy 
Pyeloplasty 174 47 (1-240) 85% 80% 75% 
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Patient Selection 


Laparoscopic pyeloplasty with or without robotic assistance should always be pri- 
marily considered as the gold standard treatment for patients with UPJ obstruction 
given its minimally invasive nature, high long-term success rate, and versatility. It is 
clearly the superior choice in relatively young patients and those with preopera- 
tively detected crossing vessels. If calculi are present, they can also be removed with 
this approach in the majority of cases. If significant cortical deterioration and truly 
minimal split function is present, the patient will likely be best served with simple 
nephrectomy if a normal contralateral kidney is present. 

Nevertheless, endopyelotomy still maintains a role in those patients who are not 
ideal candidates for pyeloplasty. This includes patients with significant medical 
comorbidities or previous abdominal or retroperitoneal surgery in which laparo- 
scopic or open pyeloplasty would be prohibitively risky. Furthermore, the surgeon 
must evaluate the body habitus of the patient and expected approach to the 
UPJ. Patients with minimal collecting system dilation or kidney malrotation may 
offer significant technical challenge if pyeloplasty is selected. In cases such as these, 
endopyelotomy can offer an ideal alternative (Fig. 7.4). Once pyeloplasty has been 
deferred in favor of endopyelotomy, additional factors must be considered, which 
will affect treatment success. The European Association of Urology (EAU) guide- 
lines suggest, based mostly on single-institutional retrospective studies, that ideal 
endopyelotomy candidates have short (< 2-cm-long) stenotic segments without any 
component of extrinsic obstruction [19]. In accordance with other published series, 
the presence of massive hydronephrosis or split renal function less than 20% will 
render lower success rates for endopyelotomy [14]. 


Surgical Planning 


Attention should be paid to the presence of crossing vessels at the UPJ since signifi- 
cant intraoperative hemorrhage can result if they are incised and transfusion rates 
during endopyelotomy can range from 1% to 16% [20]. Computerized tomography 
(CT) is useful for preoperative workup to rule out the presence of significantly sized 
crossing vessels. Intraoperative endoluminal ultrasound (ELUS) has been shown to 
be more sensitive for the detection of crossing vessels relative to helical CT angiog- 
raphy by multiple groups [10, 21]. Empiric incision at the lateral position relative to 
the UPJ during endopyelotomy has been suggested [22] since this area has been 
considered relatively devoid of significant vascular structures according to cadav- 
eric studies [23]. Experience using ELUS however has shown, in both patients with 
UPJ obstructions and those with normal anatomy around the UPJ, that primarily 
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Fig. 7.4 Characteristics of the ideal candidate for ureteroscopic endopyelotomy are shown. (a) 
Retrograde pyelogram shows a short stenotic segment (black arrow) with mild to moderate hydro- 
nephrosis. (b) Coronal CT scan view and (c) axial views of the same patient show minimal hydro- 
nephrosis. A minimally dilated system, obese body habitus, and spinal curvature make this patient 
a technical challenge for pyeloplasty 
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anterior or posterior crossing vessels can have a lateral component in 18.8% and 
28%, respectively [5, 24]. Therefore, we suggest the use of intraoperative ELUS 
during retrograde ureteroscopic endopyelotomy, if available. It should be acknowl- 
edged that cost can be a limiting factor, since ELUS units have capital acquisition 
costs of approximately $75,000.00. 


Surgical Technique 


Cystoscopy with retrograde pyelogram (RGP) is the initial step of the procedure and 
serves to define the exact location and length of the obstructed segment as well as 
the degree of hydronephrosis. Retrograde placement of a safety wire is highly rec- 
ommended in these cases. Flexible ureteroscopy is then performed in order to visu- 
ally inspect the entire upper urinary tract for any additional pathology such as tumor 
or calculus. Retrograde pyelogram can be repeated by injecting contrast through the 
ureteroscope in order to further study the area of interest. Next, ELUS is then per- 
formed. ELUS probes are catheter-based and are placed over a guidewire under 
fluoroscopy (Fig. 7.5). These probes are available in round-tip or side-saddle con- 
figurations and range in size from 5.0 to 8.5F diameter. The frequency of these 


Fig. 7.5 Endoluminal ultrasound (ELUS) is a portable unit (a) and is manufactured by Boston 
Scientific as well as Olympus. The pictured probe (b) is a round-tip design, measuring 8.5 French, 
and provides resolution up 2.0 cm from the center of ureteral lumen 
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Fig.7.6 View of the right 
ureter, as seen with 
endoluminal ultrasound. 
Long black arrow marks 
the ureteral wall. Short 
black arrow demonstrates a 
blood vessel parallel to the 
ureter. White star marks 
the shadow produced by 
the guidewire 


probes ranges from 12.5 to 20 MHz which provides resolution up to 1.5-2.0 cm of 
distance from the center of the ureteral lumen, allowing for adequate observation of 
any pathology in close proximity to the ureter [25]. ELUS should be performed 
immediately following a RGP with the fluoroscopic C-arm in a locked position. The 
ELUS probe is placed over a wire and up to the renal pelvis, initially. Next, in order 
to properly set the orientation, the position of the safety wire relative to the ELUS 
probe must be noted and maintained, usually at either the 3 or 9 o clock position. 
The safety wire can be appreciated on ELUS since it provides a shadow (Fig. 7.6). 
The ELUS probe is then slowly withdrawn across the UPJ while maintaining orien- 
tation to the safety wire and correlating with the location of obstruction on the origi- 
nal RGP, using bony landmarks as provided by fluoroscopy. Deference to the 
posterior-lateral position should be made, but it is important to rule out the presence 
of any crossing vessels prior to performing laser incision. Once the decision has 
been made in terms of location of the incision, the flexible ureteroscope is then 
replaced, and the ureteropelvic junction is again inspected. A laser fiber is then 
placed through the ureteroscope, and the incision is made with holmium laser at 
settings of 1.2 J and 15 Hz, moving superiorly to inferiorly across the obstructed 
area. More than one pass may be required, and the incision should be taken down 
until peri-ureteral adipose tissue is seen (Figs. 7.7 and 7.8). Once this has been 
achieved, a balloon dilator measuring 6 or 7 mm is placed and inflated in order to 
further dilate the area. A stent is then placed for at least 6 weeks. Patients can typi- 
cally be discharged the same day. 
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Fig.7.7 (a) Ureteroscopic view of ischemic stenosis at the right ureteropelvic junction (UPJ). (b) 
Right UPJ after laser incision in the posterior-lateral position. Note the incision has been taken 
down to peri-ureteral adipose (white arrow) 


Fig. 7.8 Schematic shows the approach to retrograde ureteroscopic endopyelotomy for UPJ 
obstruction. The flexible ureteroscope is advanced above the UPJ under direct vision. The incision 
is carried down moving from a superior position to an inferior one until peri-ureteral adipose tissue 
is reached. Of note, it may take multiple passes for this outcome to be achieved. It is important to 
carry the incision in the exact same location, always moving from a superior to inferior position. 
(With permissions from “© M. Grasso, D. H. Bagley / KARL STORZ SE & Co. KG, Germany”) 
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Outcomes 


Multiple published single-center experiences provide outcome data for uretero- 
scopic endopyelotomy with a great deal of heterogeneity in terms of patient popula- 
tion, method of incision, definitions of success, and length of follow-up. A recent 
systematic review of the contemporary literature on retrograde ureteroscopic endo- 
pyelotomy found a pooled success rate of 79% for primary UPJ obstruction and 
71% for secondary UPJ obstructions with mean follow-up of 29 months [26]. 
Generally, when reported, cases of intrinsic obstruction had higher success rates 
compared to those with crossing vessels, and if the procedure failed, it would usu- 
ally occur within 2 years’ time or sooner. 

In terms of secondary UPJ obstruction, multiple retrospective series made up of 
small numbers of patients describe patency rates between 70% and 83% with fol- 
low-up between 15 and 47 months [27-29]. Interestingly, in a non-randomized ret- 
rospective study, Vannahme et al. found better patency rates in patients with 
secondary UPJ obstruction treated with salvage laparoscopic pyeloplasty compared 
to those treated with endopyelotomy, 87.5% versus 44%, respectively [11]. This 
was regardless of the primary procedure used to treat the original UPJ obstruction. 
Importantly, they noted that some of the patients, who had initially failed primary 
pyeloplasty, still were found to have anterior crossing vessels present during salvage 
pyeloplasty. This highlights the need for extensive preoperative workup of referred 
patients with secondary UPJ obstruction following pyeloplasty and the importance 
of not assuming that transposition of crossing vessels had been routinely performed. 


Ureteral Stricture 


Etiology 


Similar to UPJ obstructions, ureteral strictures can be congenital, but acquired stric- 
tures are much more common. Acquired ureteral strictures are further categorized 
into malignant or benign etiologies. Upper tract urothelial carcinoma (UTUC) is 
primary malignancy of the ureter and is not uncommonly seen by endourologists. 
Most times, UTUC of ureteral origin will manifest with an obvious luminal compo- 
nent such as a papillary tumor but rarely will present as a tight, indurated, luminal 
narrowing, possibly resulting in hydronephrosis. A high index of suspicion for 
UTUC should exist in elderly patients when no other obvious etiology for ureteral 
stricture formation is present, especially when history of tobacco use or personal 
history of urothelial carcinoma of the bladder is present. These strictures should be 
thoroughly biopsied and closely followed even if initial biopsies are unrevealing. 
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Secondary malignancies can cause ureteral obstruction either from direct metastatic 
involvement or extrinsic compression either directly or from adjacent lymphade- 
nopathy. Malignant ureteral stricture disease should be treated with either surgical 
removal, if indicated, or conservatively with either stent or percutaneous drainage, 
depending on the individual aspects of the case including cancer prognosis, renal 
function, and comorbidities. 

Benign ureteral strictures have many etiologies but can also be further classified 
as ischemic or non-ischemic. Ischemic strictures commonly follow pelvic radiation 
for malignancy or surgery requiring dissection near the ureter [30]; both instances 
can negatively affect blood supply in the vicinity of the ureter. Other characteristics 
of ureteral strictures, which will affect treatment choice, include stricture length and 
location along the ureter. The sacroiliac (SD joint serves as a well-known and con- 
venient anatomic landmark, easily noted on fluoroscopy, to define sections of the 
ureter [31]. By convention, the area above the SI joint defines the proximal ureter, 
while the ureter below the SI joint is designated as distal. The length of the ureter, 
which lies along the SI joint, is the mid-ureter. 


Patient Selection 


As mentioned above, malignant ureteral strictures are not well suited to endoureter- 
otomy. In UTUC, if curative intent is the goal and malignant stricture is present, 
segmental ureterectomy or radical nephroureterectomy needs to be considered and 
can be performed with open, laparoscopic, or robotic approaches. Secondary malig- 
nancies causing ureteral stricture or obstruction may benefit from the same approach 
or, depending on the unique situation, may benefit from drainage either with an 
indwelling stent or percutaneous drain. 

According to multiple contemporary reviews of endoureterotomy series [30, 32, 
33], the best surgical candidates are those with benign, non-ischemic, short (< 2 cm) 
segments, in the distal or proximal ureter with relatively robust split renal function 
(> 20%). In patients with diminished split renal function, endoureterotomy may be 
attempted in lieu of a major reconstructive procedure, but ultimately, nephrectomy 
is likely the best option, especially if there is persistent infection or pain from 
obstruction. For patients with benign ureteral strictures longer than 2 cm and robust 
split renal function, a formal reconstruction should be considered, and the approach 
will depend on the location of the obstruction. Open [34—36], laparoscopic [37], and 
robotic approaches [38] offer great versatility when formal reconstruction is needed. 
The recent incorporation of buccal mucosal grafts allows for the minimally invasive 
treatment of proximal and mid-ureteral strictures up to 5 cm in length [39]. 
Nevertheless, the appeal of endoureterotomy lies in its minimally invasive approach 
and low morbidity, especially in those patients in whom abdominal surgery would 
present a high risk. 
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Cystoscopy with retrograde pyelogram is performed with fluoroscopy in order to 
define stricture characteristics (length and location), as well as degree of obstruction 
and ureteral dilation/tortuosity. Retrograde access is then obtained using a PTFE or 
hydrophilic tip wire as necessary. Direct inspection of the ureter is then made with 
either flexible or semi-rigid ureteroscopy, as needed. Repeat retrograde pyelogram 
can then be performed directly through the ureteroscope, if needed to further clarify 
stricture characteristics. The ureteroscope is then advanced beyond the stricture 
until the normal ureteral lumen is encountered. This might require a stiff wire 
through the channel of the ureteroscope or calibration with a ureteral dilator. At 
times, balloon dilation is necessary in order to facilitate ureteroscope advancement. 
Once the entire length of stricture has been inspected, then endoscopic incision can 
be made. Options for this step include cold-knife or electrocautery incision, although 
holmium (Ho) laser is the preferred contemporary modality at most institutions. Ho 
laser settings for incision are 1.2 J and 15 Hz. In order to avoid violation of adjacent 
blood vessels, the direction of the proposed incision will depend on the location of 
the stricture along the length of the ureter. For proximal ureteral strictures, the inci- 
sion is made laterally, while for distal ureteral strictures, the incision will be made 
relatively medially. For incisions that lie over the iliac artery, the incision should be 
made anteriorly. The incision should be made deep enough to see peri-ureteral adi- 
pose tissue. Dilation should then be performed over the incised area with a 6- or 
7-mm balloon. Either a relatively large diameter stent or alternatively two parallel 
stents should then be placed for at least 6 weeks. 


Outcomes 


Reported success rates for endoureterotomy in well-selected patients range from 
60% to 86% with follow-up ranging between 12 and 60 months, depending on the 
series [30, 33]. Higher patency rates are noted in non-ischemic strictures of rela- 
tively shorter length [40]. Significant complications are relatively rare. Patients 
should be carefully followed up for either clinical or radiographic evidence of recur- 
rent obstruction. 


Conclusion 


Although less frequently indicated today for upper urinary tract obstruction, retro- 
grade ureteroscopic endopyelotomy and endoureterotomy remain well-studied, 
safe, and effective treatment options. This is particularly true for patients who are 
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not ideal candidates for laparoscopic or open reconstructive procedures. Since long- 
term patency rates are superior in formal reconstructions, these procedures should 
be considered the gold standard, especially since the majority of them can be per- 
formed laparoscopically with or without robotic assistance. 
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Chapter 8 A 
Ureteroscopic Treatment of Chronic gese 
Unilateral Hematuria 


Abhay A. Singh, Scott G. Hubosky, Ryuta Tanimoto, 
and Demetrius H. Bagley 


Introduction 


Flexible ureteroscopy provides diagnostic information and allows for control of 
upper urinary tract hemorrhage from both benign and malignant etiologies. Chronic 
unilateral hematuria (CUH) refers to gross hematuria that lateralizes to an upper 
tract source and is diagnosed by bloody efflux from a ureteral orifice on cystoscopy 
without an obvious radiographic etiology or oncologic origin. Over the years, CUH 
has also been referred to in the literature as benign essential hematuria, lateralizing 
essential hematuria, benign lateralizing hematuria, unilateral primary hematuria, 
unilateral essential hematuria, and idiopathic renal bleeding. The etiology of CUH 
can be defined with ureteroscopic assessment and broadly be categorized as a dis- 
crete lesion (s), diffuse lesions, or no identifiable lesion. Our experience reflects that 
the vast majority of cases can be diagnosed and managed with ureteroscopic laser 
ablation or diathermy fulguration. 
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Etiology 


As is the standard of care for patients with gross hematuria, work-up begins with 
cross-sectional imaging and cystoscopy. Whenever clinically possible, CT urogram 
should be obtained. MR urogram can be substituted in patients with suboptimal 
renal function. If neither of the above is acceptable, a renal ultrasound may be 
obtained with subsequent retrograde pyelography. The diagnosis of CUH is predi- 
cated on a radiological exam that does not find an overt upper urinary tract etiology 
for the hematuria in combination with a cystoscopic examination, which demon- 
strates gross hematuria emanating from one or both ureteral orifice(s). At this junc- 
ture, flexible ureteroscopy is indicated to help with diagnosis and treatment. 

The potential etiologies of CUH include peripapillary varices, often referred to 
as minute venous ruptures (MVRs), renal hemangioma, upper tract urothelial can- 
cer or stones not detected by standard imaging, exercise-induced hematuria, fibro- 
epithelial polyps, arteriovenous fistula, and papillary necrosis. As mentioned before, 
classification can split into discrete lesions, diffuse lesions, and no identifiable 
lesions. A recent review of the world literature on ureteroscopic evaluation of CUH 
reported 73% of 288 reported cases were secondary to a discrete lesion, while no 
lesion or etiology was identifiable in 16% [1]. 

While all are rare, the most common discrete lesions in the kidneys are minute 
venous ruptures and renal hemangiomas. In the ureter, fibroepithelial polyps and 
hemangiomas can be present. When a discrete lesion is identified, a biopsy should 
certainly be obtained if there is concern for malignancy. The most frequently 
encountered etiology of CUH, as documented by Araki et al. in the largest single- 
center experience compromising 22 years, was that of minute venous rupture 
(MVR), “a venous bleeding without clear abnormality” [2]. MVR is characterized 
by small lesions in the collecting system that result from fragile vasculature in the 
renal papilla or fornix [3]. In our experience, this is akin to peripapillary varices 
(Fig. 8.1). These entities are small, but sometimes, prominent blood vessels, which 
are found around the circumference of the papilla and ooze blood of a seemingly 
venous source. They can also arise from the papillary tips. A high index of suspicion 
should exist in patients presenting with CUH and very robust-appearing renal 
papilla on retrograde pyelogram (Fig. 8.2). A recent report of 75 patients with CUH 
noted that bleeding is more often seen in the upper or lower pole positions, specifi- 
cally involving compound papillae in the majority of cases [4]. 

Hemangiomas of the urinary tract are rare and most occur in the kidney followed 
by the bladder and then ureter [5]. The lesions can vary in size from nearly invisible 
to several centimeters. They are usually solitary and found at the tips or bases of the 
papilla, in the mucosa, or subepithelial tissue [6]. Under direct vision with ureteros- 
copy, hemangiomas appear as a red- or blue-colored mulberry-like lesion or spheri- 
cal mass with a vascular rich surface over the papilla [7] (Fig. 8.3). Another benign 
and even more rare neoplastic vascular lesion is anastomosing hemangioma. It can 
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Fig. 8.1 Fiberoptic 
flexible ureteroscopic view 
of peripapillary varices 
(black arrows) around the 
circumference of a renal 
papilla 


Fig. 8.2 (a, b) Retrograde pyelograms of patients with benign essential hematuria and very prom- 
inent renal papilla appearing as filling defects (black arrows). Peripapillary varices often are seen 
endoscopically around the circumference of prominent papilla 
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Fig. 8.3 (a) Digital ureteroscopic view of a renal hemangioma (black arrow) toward the periphery 
of a renal calyx. (b) Cauterization of hemangioma in same case 


be found in various organs but was first described in the kidney where it is usually 
found in association with end- stage renal disease [8]. Histologically it resembles 
angiosarcoma. 

Renal papillary necrosis (RPN) can manifest as gross or microhematuria and 
sometimes with obstruction if the papilla sloughs off the urothelial surface. Ischemic 
necrosis at the papilla is the end result of many potential etiologies such as diabetes 
and sickle cell disease or can be drug induced [9, 10]. RPN is most commonly asso- 
ciated with overuse of non-steroidal anti-inflammatory drugs (NSAIDS) and is due 
to inhibition of cyclooxygenase, which results in decreased prostaglandin produc- 
tion. As a result, vascular perfusion is decreased, leading to vasoconstriction and 
local ischemia [11]. The ureteroscopic appearance of papillary necrosis has recently 
been reported. On flexible ureteroscopy, the necrotic papillae have a white or grey 
color and appear cottony and friable. They can be freely floating in the collecting 
system or attached to the urothelial surface by a small pedicle [12]. Bleeding can be 
diffuse but usually limited to the calyx in which the papilla has sloughed. 

There have been several case reports of diffuse lesions, but interestingly the prev- 
alence of these has decreased dramatically with time such that there have not been 
any reported cases since 1999. This is presumably a reflection of the improvements 
in imaging and endoscopic technology such that once poorly defined collecting sys- 
tems diagnosed as having nonspecific pyelitis can now be more accurately studied. 

Potential sources of undefined lesions include exercise-induced hematuria. 
While gross hematuria is more common in contact sports, it can also occur second- 
ary to physiologic changes during exercise. Endurance sports especially can lead to 
shunting of blood away from the kidneys with resulting hypoxic nephron damage 
and increased glomerular permeability along with vasoconstriction of efferent glo- 
merular arterioles resulting in excretion of red cells [13]. 
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Diagnosis 


The first description of endoscopy to aid in the diagnosis of CUH was from 1981, 
when Gittes described the placement of an angled rigid nephroscope through a 
small pyelotomy in patients undergoing open exploration [14]. The endoscopic 
visualization of discrete bleeding sites then guided definitive treatment, usually in 
the form of partial nephrectomy. With the evolution of improved instrumentation, 
the diagnosis and often treatment of CUH now rest on flexible ureteroscopy, inde- 
pendently and simultaneously reported in 1990 by both Bagley [15] and Kumon 
[16]. Their fundamental operative principles still are the essence of contemporary 
practice. 

The ureter and collecting system require thorough visual examination in an 
atraumatic fashion. This is facilitated by practicing a “no-touch technique,” which 
will increase the specificity of the procedure. Some authors prefer to utilize a nar- 
row (<7Fr) semi-rigid ureteroscope, which is used to intubate the ureteral orifice 
under direct vision [17, 18]. The distal ureter is evaluated before introducing a guide 
wire. Once the ureteroscope travels past the iliac vessels, a guidewire can be 
deployed through the scope with care taken to only place the wire into the explored 
section of the ureter (to avoid iatrogenic trauma by the wire) after which the semi- 
rigid scope is exchanged for a flexible ureteroscope over the wire, under fluoro- 
scopic guidance. The flexible ureteroscope is then advanced to examine the 
remainder of the ureter and the entire renal pelvis. 

Another technique simply employs flexible ureteroscopy exclusively. This is 
possible due to improved durometer or shaft stiffness, particularly at the most distal 
portion of the flexible ureteroscope. The flexible instrument is passed into the ure- 
teral orifice and up the ureter without the aid of a preceding semi-rigid scope or a 
wire. In some cases, buckling of the distal portion of the flexible ureteroscope will 
require a guidewire to facilitate access. 

The diagnostic yield of ureteroscopy is felt to increase when active bleeding is 
present. Therefore, Mugiya and colleagues recommended patients be physically 
active and not to take bed rest prior to endoscopic evaluation [19]. While performing 
ureteroscopy it is important to ensure the irrigation pressure is not too great. This is 
important for two reasons. Higher pressure may obscure minute venous bleeding, 
and also higher-pressure irrigation may itself traumatize the collecting system. 
Araki et al. reported the use of a monitored irrigation pressure system to maintain 
pressure at 40 mmHg, which facilitated increased diagnostic yield of MVR and 
fewer unidentified lesions [2]. Irrigation by hand using syringes and tubing is per- 
fectly acceptable, provided the surgical assistant appreciates the importance of uti- 
lizing gentle pressure and stays attentive during the case. If during ureteroscopic 
evaluation, there is no obvious source of hemorrhage, it is recommended to consider 
stopping irrigation [6] or creating a slight negative pressure by syringe aspiration 
through the working channel of the ureteroscope, in order to unmask subtle discrete 
bleeding points [4]. 
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The careful and selective use of sterile water for irrigant rather than saline may 
also increase the diagnostic yield of ureteroscopy. Sterile water offers optical advan- 
tages as it lyses red blood cells, which in turn improve visibility and light transmis- 
sion. Cybulski et al. showed that there is minimal fluid absorption during 
ureteroscopy, estimated to be 54 ml, for cases up to 83 minutes [20]. Even with 
pressures up to 200 mmHg and in the event of ureteral perforations, it appears the 
fluid absorbed is a fraction of the volume typically associated with a risk of TUR 
syndrome [21]. The volume of fluid absorbed during URS is far less than that 
expected during a TURP (150-3600 mL) or a PCNL (50-2200 mL) [20]. In a con- 
temporary study of the safety of sterile water as an irrigant during ureteroscopy, 
Pirani et al. prospectively randomized 139 patients to water versus saline irrigation 
during ureteroscopy for laser lithotripsy. For cases taking up to 63 minutes at maxi- 
mum and utilizing up to 1450 mL of irrigation, they found no difference in the 
safety profile of water while noting a significant visual advantage compared to 
saline, based on both objective turbidity clarity and subjective surgeon visualization 
scores [22]. Therefore, careful and conservative use of sterile water in ureteroscopic 
cases in which luminal bleeding is anticipated can provide a clear technical advan- 
tage without detriment to the patient. 


Treatment 


The majority of lesions responsible for CUH, namely, MVRs and hemangiomas, 
can be treated via ureteroscopy with fulguration or laser ablation. Fulguration is 
usually performed with a 2- or 3-French ureteroscopic electrode set at 10 watts in 
coagulation mode (Figs. 8.4 and 8.5). Using the minimal amount of power possible 
will optimize hemostasis, since higher levels will induce the electrode tip to stick to 
the cauterized tissue surface, which will re-bleed when the electrode is pulled back. 
Options for laser treatment include holmium:YAG and neodymium; YAG lasers. 
Holmium: YAG penetrates tissue <0.5 mm whereas neodymium has an affinity for 
hemoglobin and can penetrate tissue to a depth of 5 mm. Brito addressed lesions 
with a 200-um holmium: YAG laser with settings of 1.0 J and 8 Hz [6]. ND:YAG is 
used at powers of 15-30 W [3, 23]. 

Hemangiomas can spontaneously regress as a result of fibrosclerosis, so observa- 
tion is a potential option in the minimally symptomatic patient [5]. As mentioned 
above, ureteroscopy is a logical first-line intervention since it offers diagnosis and 
potential treatment with fulguration and is appropriate for most encountered lesions. 
For the rare lesion too large for endoscopic treatment, selective embolization can be 
performed, when the diagnosis of benign hemangioma is confirmed [24, 25]. Formal 
surgical excision can be considered if there is any doubt that malignancy might 
coexist. This translates to partial or complete nephrectomy for renal lesions [26, 27] 
or segmental ureterectomy in the ureter [28]. 

Ureteroscopic treatment is associated with high rates of success for discrete 
lesions. A 2017 review of prior CUH literature found a 95% success rate [1]. There 
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Fig. 8.4 (a) Digital ureteroscopic image of hemorrhage from peripapillary varices around the 
partial circumference of a renal papilla (black star marks papilla). A 2-French electrode is seen 
extending from the 3 o’clock position of the ureteroscope. (b) Hemorrhagic area immediately after 
cauterization. (c) Peripapillary hemorrhage now well hemostatic following cauterization 


is not a standardized algorithm for follow-up after ureteroscopic treatment of 
CUH. Brito and coworkers performed urinalysis at 1, 3, 6, and 12 months and then 
annually [7]. Anecdotally, we have observed that certain patient behaviors in this 
population of benign bleeders can trigger recurrence of gross hematuria such as 
heavy lifting, high-impact exercise, or uncontrolled hypertension. Lifestyle modifi- 
cation can decrease bleeding recurrence. 

If a lesion is not amenable to endoscopic treatment secondary to size or a diffuse 
process, then consideration can be made for topical or oral treatments. Silver nitrate 
has been used in the collecting system (10 mL of 0.25-1%) but has become a rare 
treatment in part related to potential, serious side effects to include sepsis, ureteral 
stricture, and interstitial nephritis [2]. Oral treatment with aminocaproic acid can be 
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_ 


Fig. 8.5 (a) Hemorrhage is noted on the right-sided periphery of this renal calyx with papilla pres- 
ent in the center of the calyx. (b) Peripheral bleeder is effectively hemostatic after ureteroscopic 
cauterization 


successful but also has a potential adverse safety profile to include microangio- 
pathic thrombosis and clot obstruction [29, 30]. 


Conclusion 


Ureteroscopy is necessary to diagnosis chronic unilateral hematuria. In most cases, 
ureteroscopy will result in effective treatment and cessation of bleeding with preci- 
sion coagulation as provided by cautery or laser. Meticulous no-touch ureteroscopic 
technique with relatively low irrigation pressures and careful use of sterile water as 
an irrigant can maximize successful outcomes. 
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Chapter 9 A 
Antegrade Ureteroscopy gs 


Anthony T. Tokarski and Demetrius H. Bagley 


Introduction 


Antegrade ureteroscopy is usually not the first choice as an approach to a ureteral lesion 
but is extremely useful in certain circumstances. When the distal ureter is completely 
obstructed or severely compromised or altered, the antegrade approach may be the only 
choice. The need for percutaneous renal access is necessary for this approach. The 
indications, instruments, and techniques for antegrade ureteroscopy are considered. 


Indications 


There is a wide range of indications for antegrade ureteroscopy, some nearly man- 
datory and others more elective. For example, severe distal ureteral damage or oblit- 
eration with a more proximal target lesion renders the antegrade approach preferable. 
Similarly, bladder diversion or ureteral reimplantation can make retrograde ure- 
teroscopy problematic and favor antegrade access. One of the more common indica- 
tions is residual calculi after percutaneous nephrolithotomy. The decision for the 
direction of ureteroscopy is then based on the stone burden, location, collecting 
system morphology, as well as patient factors related to positioning. These and 
other considerations are discussed in detail. 
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Complete Ureteral Obstruction 


Severe scarring can result in complete ureteral obstruction or obliteration of a ure- 
teral segment. This has been reported after disruption of a surgical repair; severe 
inflammation from an impacted ureteral stone or with repetitive shockwave litho- 
tripsy; proximal drainage with a dry, inflamed ureteral segment; and other rare epi- 
sodes. Initial retrograde ureteroscopy may find the lesion and in some very short 
segments allow for recanalization. The situation may require an antegrade approach 
combined with retrograde ureteroscopy for recanalization. This technique was first 
described by Bagley et al., in two patients with a complete ureteropelvic Junction 
obstruction [1]. Since that time, while scant data have been published, some authors 
have published larger case series showing the efficacy and safety of this procedure. 
Conlin and colleagues reported on a series of eight patients who underwent com- 
bined antegrade and retrograde ureteroscopy for the treatment of a complete ureteral 
obstruction secondary to iatrogenic or traumatic injury [2]. Many variations of this 
technique have been developed, including the rendezvous procedure, which involves 
the antegrade insertion of guidewires across the obliterated ureteral segment [3-5]. 
Similar to the approach used for posterior urethral strictures, the cut-to-the-light 
technique can be used for ureteral strictures and requires both antegrade and retro- 
grade ureteroscopy [6-9]. 

From a technical standpoint, cut-to-the-light procedures, or endoscopic uretero- 
ureterostomy or recanalizations of obliterated ureteral segments, should begin with 
simultaneous antegrade and retrograde pyelograms. Preferably these are performed 
with contrast placed through the endoscopes simultaneously with fluoroscopy avail- 
able (Fig. 9.1). This defines the exact length and location of the obliterated segment, 
which will determine the likelihood of treatment success. Patients should be coun- 
seled appropriately in order to set realistic expectations. Obliterated segments 
>2 cm are usually not amenable to endoscopic recanalization (Fig. 9.2). 

Once the obliterated segment has been defined, and it has been determined that 
the patient is a candidate for recanalization, simultaneous antegrade and retrograde 
ureteroscopy should be performed by two experienced ureteroscopists, with two 
separate endoscopic monitors and multi-planar fluoroscopy available. When the 
obliterated segment is sufficiently short, it is possible to see the illumination of one 
ureteroscope’s light when the other has its light source disconnected (Fig. 9.3a). 
Therefore, a fiberoptic ureteroscope is necessary for this step, since digital uretero- 
scopes cannot separate image from light source. The “dark ureteroscope” is then 
used to perform laser incision “towards the light” of the second ureteroscope until 
the actual endoscope is seen in the ureteral lumen (Fig. 9.3b). Holmium laser set at 
1.2 Joules and 15 Hertz serves well for this technique. Next, a wire should be placed 
under direct vision across the defect, followed by balloon dilation of the strictured 
segment and ultimately stent placement (Fig. 9.4) The durable ureteral patency rate 
in the published literature for this approach is between 44 and 75% (Table 9.1), and 
close follow-up is needed. If recurrent stricture is encountered, more definitive 
treatment with open, laparoscopic, or robotic surgery might be indicated versus 
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Fig.9.1 Simultaneous 
antegrade and retrograde 
ureteroscopy allow for 
simultaneous contrast 
studies from above and 
below, which precisely 
define the length of the 
obliterated ureteral 
segment (arrow) 


Fig. 9.2 (a) Simultaneous left antegrade nephrostogram and retrograde pyelogram show a long 
obliterated segment of the proximal ureter secondary to iatrogenic clipping and ligation of the 
ureter during spinal fusion surgery. Black arrows demonstrate the clips, responsible for the defect. 
(b) Another simultaneous antegrade and retrograde study defines a long segment of ureteral oblit- 
eration, not amenable to ureteroscopic recanalization 
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Fig. 9.3 (a) Ureteroscopic view of “cut-to-the-light” procedure during endoscopic ureteroureter- 
ostomy. The ureteroscopist doing the “cutting” must turn off their light source in order to see the 
light from the opposing ureteroscope. (b) After successful recanalization, the opposing uretero- 
scope tip can be clearly seen in the ureteral lumen 


repetitive stent changes, depending on the treatment goal. At the very least, success- 
ful endoscopic ureteroureterostomy results in trading a long-term nephrostomy for 
internal ureteral stent drainage. 


Difficulty Accessing the Ureteral Orifice 


Patient anatomy, surgical or pathologic, can make accessing the ureteral orifice in a 
retrograde fashion difficult and can necessitate antegrade ureteroscopy. Urinary 
diversions (ileal conduit, orthotopic neobladder, pouch diversions) involve an ure- 
teroenteric anastomosis, which may be difficult to identify with retrograde endos- 
copy. Further complicating matters is the development of a ureteroenteric 
anastomotic stricture which have an incidence of 2.6-13% following radical cystec- 
tomy with diversion [10] and can make retrograde access not feasible. In addition, 
metabolic derangements associated with intestinal absorption as well as bacterial 
colonization can predispose these patients to stone formation. Several authors have 
described safe and effective techniques of antegrade ureteroscopy to treat a variety 
of conditions. In a small consecutive series, Stuurman et al. were able to render 
82.3% of patients stone-free in one procedure using an antegrade approach with 
minimal complications using the aid of a 28-30 Fr renal access sheath [11]. Other 
authors have also achieved good results in the prone position [12]. 

Pediatric patients with vesicoureteral reflex often require surgical correction, 
which will distort the anatomy of the ureteral orifice, particularly patients undergo- 
ing a Cohen cross-trigonal reimplant. Retrograde access has been reported in these 
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103 kVp 


Fig. 9.4 (a) Right retrograde pyelogram demonstrates complete ureteral obstruction at upper 
aspect of distal ureter (arrow). (b) Right antegrade ureterogram confirms complete ureteral obstruc- 
tion (black arrow). (c) Simultaneous antegrade and retrograde ureteroscopic evaluation clearly 
defines the relatively short length of ureteral obstruction (arrow). (d) Successful endoscopic ure- 
teroureterostomy with subsequent balloon dilation showing wasting of strictured segment. 
Immediate stent placement followed full inflation with the balloon dilator 


Table 9.1 Durable patency rates after cut-to-the-light and rendezvous procedures 


Authors (year) Number of patients Durable patency rate 
Conlin [2] (1996) 8 75% 
Keoghane [3] (2019) 18 44% 
Pastore [4] (2014) 18 67% 
Watson [5] (2002) 15 47% 
Lingeman [7] (1995) 9 44% 
Lopatkin [40] (2000) 21 67% 
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patients but can prove difficult because of the angle required to place a guidewire 
across the ureteral orifice. Percutaneous antegrade ureteroscopy through a ureteral 
access sheath has been described as an effective option when the ureter cannot be 
accessed via a retrograde approach [13]. Antegrade ureteroscopy has also been 
employed when patients failed to pass stone fragments through the intramural 
potion of the reimplanted ureter after shockwave lithotripsy [14]. 

Accessing a transplant ureter in a retrograde fashion can be difficult as the ure- 
teral orifice is not always readily identified and placement of the ureteroneocystos- 
tomy is not standardized. When a preexisting percutaneous tract was placed, Hyams 
et al. were able to successfully treat small ureteral or renal stone burdens with ante- 
grade ureteroscopy in a non-dilated tract [15]. Larger series have found antegrade 
ureteroscopy to have a superior stone-free rate compared to shockwave lithotripsy 
[16]. Other authors have demonstrated the safety and efficacy of dilating a percuta- 
neous tract to 14—15 Fr to facilitate antegrade ureteroscopy with a high stone-free 
rate [17]. With advances in flexible ureteroscopic techniques, antegrade approaches 
to dealing with pathology in renal transplants remains a useful tool for urolo- 
gists [18]. 

Several other clinical scenarios exist that make identifying the ureteral office 
challenging. These include severe benign prostatic hyperplasia, cystoceles, uretero- 
celes, and invasive gynecologic malignancies. Antegrade ureteroscopy can provide 
a means of treating upper tract pathology that would otherwise not be feasible 
through a retrograde approach. 


Proximal Ureteral Stones 


Antegrade ureteroscopy is most commonly used as an adjuvant procedure, in con- 
junction with primary PCNL (percutaneous nephrolithotomy), to retrieve fragments 
of stone, which have passed into the proximal ureter. Although a rigid or flexible 
nephroscope may be used, a smaller-diameter flexible ureteroscope may be required 
depending on the size of the ureter. Large, impacted proximal ureteral stones can be 
difficult to treat completely with retrograde ureteroscopy, particularly when there is 
ureteral stricture or narrowing distal to the impacted stone. Ureteral inflammation 
can cause protrusion of the mucosa, surrounding the stone making it difficult to 
fragment and cause bleeding that can obscure visibility. Furthermore, stones large 
enough to cause significant hydronephrosis may retropulse into a dilated and capa- 
cious renal pelvis making fragmenting and extraction challenging. These factors 
can be mitigated by antegrade approaches to stone treatment. Historically, ante- 
grade ureteroscopy for large proximal ureteral stones had been attempted as an 
alternative to open surgery [19], and early studies showed its safety and effective- 
ness in achieving stone clearance [20]. As equipment and techniques have evolved, 
this approach has become a more viable option for primary treatment and is included 
as a recommended approach in contemporary guidelines [21]. One randomized, 
controlled trial found that antegrade ureteroscopy with a semi-rigid ureteroscope 
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had a higher stone-free rate when compared to retrograde ureteroscopy [22]. More 
recent series have demonstrated the safety and efficacy of achieving stone-free sta- 
tus with flexible antegrade ureteroscopy dilating the tract up to 30 Fr or as small as 
15 Fr [23, 24]. 


Other Considerations 


There are several other scenarios where antegrade ureteroscopy can be helpful in 
treating upper tract pathology. During percutaneous nephrolithotomy (PCNL), frag- 
ments may be displaced into the ureter, or patients may present with concomitant 
ureteral stones. Antegrade ureteroscopy allows for effective treatment without the 
time-consuming measure of repositioning the patient into dorsal lithotomy. The 
antegrade approach has also been proven useful in treating upper tract urothelial 
carcinoma, particularly in those patients with high-volume disease, technically 
challenging location such as dependent lower poles, and after urinary diversion [25, 
26]. This technique has also been described in the treatment of large-volume fibro- 
epithelial polyps of the renal pelvis and ureter [27]. 


Positioning 


As with all urologic procedures, proper patient positioning is crucial when prepar- 
ing for antegrade ureteroscopy (see Chap. 5). There are certain considerations that 
must be taken when preparing the patient for this procedure. When positioning the 
patient, the goal should be to have adequate access to the antegrade tract as well as 
the urethra. Neither prone nor dorsal lithotomy will provide access to both sites, and 
a hybrid of the two positions is the preferred method. Variations of these have been 
described. Many of these positions were originally conceived for access during 
PCNL and were later adapted for antegrade ureteroscopy. Valdivia et al. described 
positioning the patient supine, with the legs flexed in supports and the ipsilateral leg 
higher than contralateral leg with the goal of facilitating the use of a rigid uretero- 
scope. This position was further modified to provide better retrograde access. The 
patient is placed in the lithotomy position with a 3-liter bag of saline or other roll to 
raise the flank. The ipsilateral leg is extended, and the contralateral leg is flexed and 
abducted [28]. Grasso et al. described a modified flank roll position wherein the 
patient is placed in lithotomy and the flank is tilted 45° to allow access to a previ- 
ously placed nephrostomy tube [29]. As with all procedures, care should be taken to 
pad all pressure points, taking into account not only the standard considerations for 
patients in lithotomy but also pressure points generated by better exposure of 
the flank. 

In order to maintain a sterile field, the patient will need to be prepped and draped 
to include both the flank and urethra. A povidone-iodine-based solution can be used 
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both on the flank that contains a pre-placed nephrostomy tube and the genitalia. 
Positioning of the fluoroscope is another important consideration. The surgical team 
must have access to the ipsilateral flank. This requires that the fluoroscope be placed 
on the contralateral side. 


Endoscopic Access 


While the percutaneous access point is governed in part by the location of the 
pathology being treated by antegrade ureteroscopy and patient anatomy, several 
principles can be adhered to in order to optimize procedural success. Accessing the 
renal pelvis and ureter through a dependent lower-pole calyx may create an angle 
that causes the ureteroscope to buckle and limit defection of the scope, impeding 
navigation (Fig. 9.5). A middle-pole or even an upper-pole calyceal access point 
may facilitate a straighter angle to approach the ureter. Ureteral access sheaths can 
be placed through the percutaneous tract not only to aid in the case of stone frag- 
ment or neoplasm removal but also add a layer of protection for the ureteroscope 
[30]. When ureteroscope mobility is limited at the level of the skin or fascia, dilating 
balloons can aid in enlarging the tract and allow the ureteroscope to move more 
freely, in addition to facilitating introduction of a sheath. The degrees of deflection 
and angles needed during antegrade ureteroscopy can put the endoscope at risk of 
being damaged, due to torque on the shaft, leading some authors to recommend the 
use of single-use ureteroscopes when available [13] (Fig. 9.6). The flexible endo- 
scope being placed antegrade through a nephrostomy tract into the kidney and ure- 
ter should always be protected by a sheath or by placing it over a guidewire, 
preferably a double floppy-tipped stiff wire. A flexible ureteroscope is also at con- 
siderable risk when in place and manipulated within the ureter. The surgeon must 
always be cognizant of the appropriate endoscope for each procedure. For percuta- 
neous ureteroscopy, often the proximal ureter is adequately dilated enough to accept 
a flexible nephroscope, which is much stronger and more durable than the smaller- 
diameter ureteroscope. Single-use instruments also have value here. 


Post Treatment 
Drainage 


The principles of drainage for antegrade ureteroscopy are similar to those used in 
the decision-making process for retrograde ureteroscopy and PCNL. The surgeon 
must decide whether to leave a nephrostomy tube, a ureteral stent, both, or none. 
Currently, there is no universally agreed upon method of post-procedural drainage. 
Several authors have described the safety of forgoing nephrostomy tube drainage 
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ruil) 22 


Fig. 9.5 (a) Left antegrade nephrostogram with lower-pole percutaneous access (black arrow). 
Note the proximal curl of an encrusted ureteral stent (black star). (b) Lower-pole percutaneous 
access allows antegrade ureteroscopic treatment of upper-pole stone burden. Black arrow marks 
renal access sheath. (c) Same lower-pole access allows limited antegrade ureteroscopic treatment 
of stent encrustations in the proximal ureter. (d) Dependent lower-pole access may limit antegrade 
ureteroscopic advancement down the ureter. Black arrow shows buckling of ureteroscopic shaft 
against the inside of the renal pelvis upon advancement down the proximal ureter 


after percutaneous renal surgery [31-34]. Commonly, nephrostomy tubes are left in 
place when there is concern for a large amount of bleeding, purulence in the collect- 
ing system requiring reliable drainage, or extensive injury to the collecting system. 
Some of these complicating factors may be mitigated when performing true ante- 
grade ureteroscopy through a non-dilated tract or a tract dilated to 15 French rather 
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Fig. 9.6 (a) Reusable 
flexible ureteroscope with 
crushed shaft (arrow) 
secondary to torque 
applied by the surgeon for 
endoscope rotation during 
antegrade ureteroscopy. (b) 
Same phenomena is seen 
with single-use instruments 
(arrow) but with less 
economic impact due to 
avoidance of repair costs 


than the larger tracts required for PCNL. In the absence of strong evidence to guide 
practices, the decision on whether to place a nephrostomy tube or ureteral stent is 
ultimately at the discretion of the surgeon based on intraoperative factors and antici- 
pation of requiring further intervention. We have found it useful to place relatively 
wide-diameter stents or two stents side by side in cases involving recanalization of 
obliterated ureteral segments. 


Antibiotics 


Current AUA best practice statements advise that less than 24 hours of perioperative 
antibiotics be used a prophylaxis for PCNL and one dose of perioperative antibiot- 
ics is sufficient for ureteroscopy [35]. Multiple authors have shown there to be no 
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benefit from the standpoint of postoperative infection by extending antibiotic pro- 
phylaxis beyond 24 hours for either PCNL or ureteroscopy [36-39]. Surgeons 
should identify those patients they deem at higher risk of postoperative sepsis and 
tailor their antibiotic prophylaxis accordingly. 


Conclusion 


Antegrade ureteroscopy is a useful part of the endourological armamentarium to 
treat upper urinary tract conditions, either as a primary, adjuvant, or combined 
approach. It is helpful when the ureter is not accessible in the customary retrograde 
fashion or when both simultaneous retrograde and antegrade approaches are needed, 
as seen in patients with relatively short, complete ureteral obliterations. Special 
considerations must be given to the equipment and personnel needed to achieve 
treatment success. 
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Chapter 10 (M) 
Complications of Ureteroscopy gas 


Scott G. Hubosky and Brian P. Calio 


Introduction 


The practice of ureteroscopy has significantly evolved over the last 35 years [1]. 
Advancements in instrument design and miniaturization along with the develop- 
ment of laser technology and other endourological instrumentation have led to 
widespread utilization of ureteroscopy for treatment of upper urinary tract stones, 
neoplasms, and strictures. With the increased practice of ureteroscopy has come a 
host of variable complications, which have been described both in the literature and 
anecdotally. These complications are generally characterized as minor or major. 
While minor complications are often transient and well managed with stent place- 
ment, major complications can have serious implications for the patient. Despite 
strong educational efforts, devastating ureteroscopic complications are still reported 
in the contemporary literature [2] and via anonymous, passive Internet surveillance 
systems, such as the MAUDE (Manufacturer and User Facility Device Experience) 
database [3]. Although seemingly rare, major complications of ureteroscopy are 
likely underreported, and awareness of them is paramount in order to limit their 
incidence. 


S. G. Hubosky (œ<) : B. P. Calio 

Department of Urology, Sidney Kimmel Medical College at Thomas Jefferson University 
Hospital, Philadelphia, PA, USA 

e-mail: Scott.Hubosky @jefferson.edu; Brian.calio@jefferson.edu 


© Springer Nature Switzerland AG 2022 249 
S. G. Hubosky et al. (eds.), Advanced Ureteroscopy, 
https://doi.org/10.1007/978-3-030-82351-1_10 


250 S. G. Hubosky and B. P. Calio 


Classification Systems for Complications of Ureteroscopy/ 
Ureteral Injury 


Formal classification systems for ureteral injury exist to provide uniformity in the 
reporting of complications. The first such classification scheme was put forth in the 
trauma surgery literature and is known as the “American Association for the Surgery 
of Trauma Organ Injury Severity Scale for the Ureter” [4] (Table 10.1). This system 
broadly categorizes the extent of ureteral injury in order to direct the practitioner to 
whether stenting or formal surgical repair is indicated. It applies to blunt or pene- 
trating trauma and iatrogenic injuries of the ureter. There is limited practical value 
for endourologists with this scheme. 

The Clavien-Dindo classification system introduced in 2004 stratified complica- 
tions into grades based on the level of intervention required for treatment and is 
presented in Table 10.2 [5]. This system includes not just surgical interventions for 
a given complication but also considers pharmacological treatment and the need for 
intensive care unit (ICU) monitoring, allowing it to account for post-ureteroscopic 
sepsis. Thus far, this system is the most comprehensive and the most commonly 
applied in the contemporary literature. 

In 2012 the post-ureteroscopic lesion scale (PULS) was introduced as an injury 
scale geared specifically toward complications encountered during ureteroscopy 
[6]. This scale stratifies injuries to the ureter in a way that provides the urologist a 
systematic approach to determine when post-ureteroscopic stent placement is indi- 
cated. Although high inter-rater reliability has been demonstrated using this system, 
it has not yet been validated for standardization of stent placement following ure- 
teroscopy [7]. 

Formal classification systems are necessary to consistently report ureteroscopic 
complications across studies and to best judge the safety of new procedures. If, 
however, the goal of classifying complications is for the surgeon to anticipate, rec- 
ognize, and avoid them, then the classification system must be practical and easily 
remembered. Such classification schemes have been put forth by authors of review 
papers on ureteroscopic complications [2, 8], and they broadly organize uretero- 
scopic complications as intraoperative, postoperative early, or postoperative late. 


Table 10.1 American Association for the Surgery of Trauma (AAST) ureter organ injury scale [4] 


| AIS- | AIS- 
Grade | Injury type | Description of injury ICD-9 85 | 90 
I Hematoma | Contusion of hematoma without 867.2/867.3 | 2 [2 
devascularization | 
Il |Laceration | <50% transection | 867.2/867.3|2 |2 
III | Laceration | >50% transection | 867.2/867.3 | 3 E 
IV Laceration | Complete transection with 2-cm | | 867.2/867.3 | 3 13 
| devascularization | | l 
V Laceration | Avulsion with >2 cm of devascularization 867.2/867.3 | 3 | 3 


“Advance one grade if multiple lesions exist 


10 Complications of Ureteroscopy 251 


Table 10.2 Modified Clavien classification of surgical complications [5] 


Grade Definition 


Grade I Any deviation from the normal postoperative course without the need for 
pharmacological treatment or surgical, endoscopic, and radiological interventions 
Allowed therapeutic regimens are drugs as antiemetics, antipyretics, analgetics, 
diuretics, electrolytes, and physiotherapy. This grade also includes wound 
infections opened at the bedside 


Grade II Requiring pharmacological treatment with drugs other than such allowed for 
grade 1 complications. Blood transfusions and total parenteral nutrition are also 


included 
Grade III Requiring surgical, endoscopic, or radiological intervention 


Grade Illa Intervention not under general anesthesia 


| Grade IIb | Intervention under general anesthesia 


Grade IV Life-threatening complication (including CNS complications)* requiring IC/ICU 
management 


Grade IVa | Single organ dysfunction (including dialysis) 
Grade IVb | Multiorgan dysfunction 
Grade V | Death of a patient 


Suffix “d” If the patient suffers from a complication at the time of discharge, the suffix “d” 
(for disability) is added to the respective grade of complication. This label 
indicates the need for a follow-up to fully evaluate the complication 


CNS central nervous system, IC intermediate care, ICU intensive care unit 
‘Brain hemorrhage, ischemic stroke, and subarachnoidal bleeding, but excluding transient isch- 
emic attacks 


Each of these three categories is further subdivided into major or minor sequelae. 
The major category includes any complication that results in the need for additional, 
otherwise unexpected, major operative intervention or results in patient mortality or 
severe morbidity such as in postsurgical sepsis. Minor complications are typically 
self-limiting and, although potentially morbid, usually are well treated with tempo- 
rary postoperative stent placement. 


Intraoperative Complications (Major) 


Ureteral Avulsion 


Ureteral avulsion, defined as discontinuation of the full thickness of the ureter, is 
one of the most devastating complications involving either flexible or semi-rigid 
ureteroscopy. In almost all cases, repair requires open or laparoscopic intervention, 
and in certain cases, nephrectomy may be required [9]. Historically, before ureteros- 
copy became almost universally available, ureteral avulsion had been a complica- 
tion of so-called blind basketing of ureteral stones. With the advent of digital and 
fiberoptic ureteroscopy, the practice of blind basketing is obsolete and no longer 
advocated and has been replaced by stone manipulation under direct ureteroscopic 
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visualization. As such, the incidence of ureteral avulsion has decreased significantly, 
to the point that the complication has become extremely rare. Estimates from sev- 
eral reviews place the incidence of ureteral avulsion between 0% and 0.5% of all 
ureteroscopic cases. In a literature search of the MEDLINE database on stone bas- 
keting between 1970 and 2005, ureteral avulsion occurred in 0.3% of cases [10]. 
Similar results were reported in a large study performed by the Clinical Research 
Office of the Endourological Society (CROES) encompassing 9681 patients who 
underwent ureteroscopy in 2012, in which ureteral avulsion had a prevalence of 
0.1% [11], and a recent review by Grasso reported 0% incidence of avulsion in 1059 
cases [12]. 

Although quite rare, contemporary reports of ureteral avulsion still occur, even 
when basket extraction is performed under direct ureteroscopic visualization, usu- 
ally when fundamental ureteroscopic principles are not followed. In some cases the 
avulsed, inverted ureter can be seen on cystoscopy floating within the lumen of the 
bladder (Fig. 10.1). In other cases, the surgeon stops short of complete inversion, 
even though the ureter has been completely avulsed and the basket remains in the 
patient with the stone still engaged (Fig. 10.2). 


Fig.10.1 Close-up 
cystoscopic view of a 
completely avulsed, 
inverted, and devitalized 
left ureter within the 
bladder lumen. Black 
arrows mark the ureteral 
wall edges. A black star 
marks the position of the 
former left ureteral orifice. 
This patient was 
transferred after failed 
basket extraction of a 
ureteral calculus. 
Ultimately a renal 
autotransplant was 
required 
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Fig. 10.2 A patient transferred with suspected ureteral avulsion secondary to basket extraction of 
an 8-mm calculus. (a) Coronal view CT scan shows retained calculus in stone basket wires along 
the expected course of the left ureter (red arrow). (b) Axial view of a CT scan from same patient 
demonstrates contrast extravasation from the left proximal ureter. (c) Left antegrade nephrosto- 
gram through percutaneous nephrostomy shows contrast extravasation with no continuity to the 
ureter. (d) Retrograde ureteroscopic evaluation along retained stone basket shows blind-ending 
ureter confirmed with retrograde pyelogram showing bunching of avulsed ureter like an accordion. 
(e) Avulsed ureter with retained basket noted during subsequent renal autotransplant (blue vessel 
loop marks common iliac artery). (f) Devitalized left ureter and stone basket removed 
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Fig. 10.2 (continued) 


Ureteral avulsion can be avoided by maintaining proper technique and patience 
while removing ureteral stones with a basket or other grasping devices. Retrieving 
stones intact also increases the risk of avulsion, particularly in the case of large 
calculi. Whole-stone extraction should only be attempted in cases of very small 
stones and not when the maximal stone diameter is greater than the diameter of the 
narrowest portion of the ureter, in the surgeon’s judgment. Intracorporeal lithotripsy 
prior to stone extraction is a safer alternative that minimizes the risk of avulsion in 
most cases. Visualization of the entire length of ureteral mucosa with the uretero- 
scope during extraction is a fundamental safety principle. The stone should be held 
several millimeters from the tip of the ureteroscope (Fig. 10.3), and the ureteral 
mucosa should be seen moving away from the surgeon while the stone is being 
withdrawn. Keeping the stone in clear view may require deflection or rotation of the 
ureteroscope as the surgeon navigates down the ureteral lumen. Nitinol baskets or 
three-pronged graspers are the safest instruments for ureteroscopic stone removal 
since they can resume their original shape for stone release. Baskets with stainless 
steel wires should be avoided for ureteroscopic stone removal since they do not reli- 
ably return to their original shape and make stone release potentially difficult. 

In addition to basket extraction of calculi, other less often encountered etiologies 
of ureteral avulsion exist, as reported by Tanimoto et al. in a review of the MAUDE 
database [3]. These cases seem to all involve ureteroscopic entrapment in the upper 
urinary tract, and independent reports have also been recently published, bringing 
these rare complications to our attention. Etiologies for ureteroscopic entrapment 
include locked deflection of flexible ureteroscopes [13, 14], bunching of the distal 
bending rubber [15], resultant stone fragment impaction along the ureteroscope 
shaft during laser lithotripsy [3, 16, 17], and scabbard avulsions [18]. Due to the 
rarity of these complications, no standard protocol to mitigate them exists, although 
anecdotally, careful retrograde manipulations with coaxial dilators have been 
reported to help [13, 15], as have gentle rotational maneuvers with muscle relaxants 
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Fig. 10.3 Safe stone 
removal entails direct 
visualization of the 
calculus and the ureteral 
mucosa at all times. Note 
the presence of a safety 
wire at the 4 o’clock 
position 


and bladder emptying [17]. In other cases, controlled open surgery was required to 
remove the entrapped ureteroscope and avoid avulsion [14-16]. 

Awareness of these rare complications is the best defense against them. Locked 
deflection occurs secondary to suboptimal surgical technique in which stress is 
placed on the deflection cables of the flexible ureteroscope causing the inner bend 
radius cable to kink (Fig. 10.4), resulting in the inability of the ureteroscope to 
revert back to a straight configuration. This instrument stress can ensue from pulling 
a fully deflected ureteroscope through an intrarenal stricture such as a stenotic 
infundibulum (Fig. 10.5) or by the use of extreme secondary deflection as is some- 
times necessary to reach very dependent lower pole positions (Fig. 10.6). Constant 
awareness of the position of the ureteroscope within the confines of the given col- 
lecting system will help avoid situations resulting in locked deflection. Rippling or 
bunching of the distal bending rubber of a flexible ureteroscope is difficult to predict 
but enforces the fact that every flexible ureteroscope, including the distal bending 
rubber, should be examined by operating room personnel prior to placement. 
Additionally, medical device safety notices provided by manufacturers recommend 
refraining from ureteroscope placement if significant resistance is met during inser- 
tion [15], reinforcing the need for sound surgical judgment in every case. 
Ureteroscope entrapment secondary to intraluminal stone fragment impaction is 
best avoided by regular fluoroscopic evaluation along the ureter in cases involving 
treatment of relatively large stone burdens to allow for intermittent basket extraction 
or early intraoperative stent placement. Ureteral access sheaths may also be benefi- 
cial in these cases. Index of suspicion should be higher for this complication in 
cases with large stone burdens. 
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Fig. 10.4 Post-procedure 
inspection of flexible 
ureteroscope, which was 
pulled through a stenotic 
infundibulum resulting 

in locked deflection. Note 
the kink in the deflection 
cable of the inner bend 
radius of the flexible 
ureteroscope (marked by 
arrow) 


Scabbard avulsions involve entrapment of semi-rigid ureteroscopes. The mecha- 
nism is believed to involve the gradual advancement of the larger-diameter proximal 
ureteroscope shaft within a relatively tight intravesical distal ureter. Upon removal, 
a two-point avulsion involving both the distal and proximal ureteral portions results 
in the ureter appearing like a scabbard on the semi-rigid ureteroscope. Ordon et al. 
advise to always make sure ureteral mucosa is visualized moving away while the 
ureteroscope is being withdrawn, and if not, then the potential for a scabbard avul- 
sion should be recognized [18]. They postulate that placing a second semi-rigid 
ureteroscope and attempting to incise the intramural ureter with laser may free the 
entrapped semi-rigid ureteroscope. 

Management of ureteral avulsion differs depending on the segment of ureter 
involved and the thickness of ureter injured. Complete avulsions always require 
formal surgical repair, which may be done immediately, or as a staged procedure, 
depending on the particular circumstances of the case. The benefits of delayed 
repair include a better understanding of the anatomy and the size of the ureteral 
defect. This can be ascertained by simultaneous antegrade and retrograde contrast 
studies (Fig. 10.7). A percutaneous nephrostomy is often required in order to maxi- 
mize drainage and minimize urinoma formation. Delayed repair also gives the 
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Fig. 10.5 (a) Flexible ureteroscope is in maximal deflection in an upper pole calyx, drained by a 
stenotic infundibulum, which had just been previously opened with balloon dilation. (b) Flexible 
ureteroscope was unknowingly pulled through stenotic infundibulum while in maximal deflection. 
(c) Flexible ureteroscope in locked downward deflection within the renal pelvis, unable to be 
safely removed. (d) Live fluoroscopic image of flexible ureteroscope in locked deflection within 
the space of the renal pelvis. Note safety wire present. (e) Fluoroscopic image of flexible uretero- 
scope after being straightened with retrograde coaxial dilator, which allowed for safe removal 
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Fig. 10.6 Single-use 
flexible ureteroscope with 
extreme passive deflection 
in attempt to reach a very 
dependent right lower pole 
calyx. Continued upward 
advancement of the 
ureteroscope (black arrow) 
against the fixed upper 
portion of the collecting 
system can cause pinching 
or kinking of inner bend 
radius deflection cable 
(yellow arrows), resulting 
in locked deflection 
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Fig. 10.7 (a) Simultaneous antegrade nephrostogram and retrograde pyelogram in a suspected 
case of ureteral avulsion after attempted basket removal in a referred patient. Note contrast extrav- 
asation as Well as inability to gain full-length access across the ureter. (b) Close-up view of retro- 
grade pyelogram shows accordion-like bunching of the proximal ureter in discontinuity 
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patient a chance to carefully consider the treatment options. The temptation to per- 
form immediate nephrectomy in this setting should be avoided, as many reconstruc- 
tive options exist and often allow for renal preservation. Partial ureteral avulsions 
are significantly less severe and in most cases can be managed with placement of a 
ureteral stent for 4—6 weeks. Of note there is an elevated risk of ureteral stricture as 
sequelae of partial avulsions. 


Intussusception 


Ureteral intussusception is another rare complication of ureteroscopy and can be 
seen with both retrograde and antegrade manipulation. It is best thought of as an 
avulsion of the inner mucosal layer of the ureter with subsequent, partial-thickness, 
and circumferential injury. Much like the case with ureteral avulsions, intussuscep- 
tions occur during stone extraction in a ureter that is not sufficiently dilated to 
accommodate a stone within a retrieval device [19]. In addition to Intussusception in 
the setting of stone removal, there have been case reports describing intussusception 
caused by biopsy of ureteral polyps and upper tract urothelial carcinomas [20, 21]. 

Intussusception should be suspected when there is persistent obstruction of the 
ureter after stone extraction [8]. In such cases, retrograde ureteropyelography 
reveals what appears to be stripped urothelial mucosal bunched up much like an 
accordion. Unlike complete ureteral avulsion, cases involving intussusception still 
maintain integrity of the muscular outer wall of the ureter such that access is still 
maintained (Fig. 10.8). Definitive treatment for intussusception requires open or 
laparoscopic excision of the affected portion of the ureter to address the devitalized 
tissue distal to the injury. Similar to ureteral avulsions, the length and location of the 
insult will dictate the reconstructive options in cases of benign etiologies. In cases 
involving upper tract urothelial carcinoma (UTUC), radical nephroureterectomy 
may be the best option if a normal contralateral kidney exists. If conservative treat- 
ment is preferred, ureteral stent placement, if possible, will allow for adequate 
drainage. Depending on the length of the affected ureter, a stent-dependent ureteral 
stricture will likely evolve. Much like the strategies recommended for avoidance of 
ureteral avulsion, avoidance of intussusception is accomplished by retrieving only 
adequately sized stone fragments under direct vision. In cases involving relatively 
large intraluminal neoplasms undergoing biopsy and removal with a basket, it is 
important to first separate any broad-based tumor or polyp from the underlying 
ureteral mucosa with adequate laser excision. 


Hemorrhage 


Acute bleeding requiring transfusion during ureteroscopy is rare but also dependent 
on the procedural indication. A global study on the complications of ureteroscopy 
coordinated by the CROES group reported that among 11,885 patients undergoing 
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Fig. 10.8 Retrograde 
pyelogram in a referred 
patient demonstrates 
accordion-like bunching of 
the ureteral mucosa but not 
full-thickness injury as 
evidenced by lack of 
contrast extravasation, 
preservation of full-length 
ureteral access, and filling 
of the upper proximal 
ureter. These findings are 
diagnostic of ureteral 
intussusception, and this 
case resulted from 
attempted basket removal 
of a relatively large 
ureteral calculus 


ureteroscopic stone treatment for renal and/or ureteral stones across 114 interna- 
tional centers, only 0.2% of patients required transfusion [22]. In contrast to stone 
removal, endopyelotomy and endoureterotomy are the most common procedures in 
which acute bleeding will be encountered during ureteroscopy with reported trans- 
fusion rates ranging from 1% to 16% [23]. The choice of incision location is critical 
during endopyelotomy to avoid potential violation of vessels adjacent to the ure- 
teropelvic junction (UPJ) or ureter. Significant bleeding as a result of these proce- 
dures can be immediate but has also been reported days or even weeks following 
endourological incision and is postulated to be secondary to delayed arterial thermal 
injury [24, 25]. Depending on the involved blood vessel, interventions possibly 
include open vascular surgical repair, endovascular graft placement, or selective 
embolization. General consensus for incision location during endopyelotomy is the 
lateral or posterolateral position based on the anatomic studies of Sampaio [26]. In 
another study of patients with defined UPJ obstructions undergoing endoluminal 
ultrasound (ELUS), 18.8% had a primarily anterior crossing vessel with a branching 
lateral component relative to the ureteropelvic junction, and 9.4% had posterior 
crossing vessels [27]. Therefore, empiric endourological incision without some type 
of image guidance is a calculated risk. Regular use of intraoperative ELUS or pre- 
operative CT angiogram to define vascular anatomy in the area of interest has been 
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shown to decrease transfusion rates significantly during endopyelotomy [28]. 
Nevertheless, a high index of suspicion for immediate or delayed bleeding needs to 
be maintained in these cases with prompt consultation to interventional radiology or 
vascular surgery, as indicated. 

Although not a direct complication, diagnostic ureteroscopy for gross hematuria 
localized to the upper tract is another possible situation in which significant bleed- 
ing might be encountered. This is particularly the case when there is clinical suspi- 
cion for a potential uretero-arterial fistula (UAF). This rare entity needs to be on the 
top of the differential diagnosis in patients with history of pelvic radiation and stent- 
dependent ureteral strictures, particularly when gross hematuria is significant 
enough to warrant transfusion [29]. In patients with pre-existing ureteral stents, it 1s 
imperative to keep retrograde ureteral access with a guidewire prior to stent removal. 
If UAF is present, there can be massive amounts of bleeding from the involved ure- 
teral orifice making re-establishment of lost access all but impossible. With access, 
if bleeding is noted, retrograde catheters or balloon dilators can be inserted which 
often will tamponade bleeding. Prompt consultation with vascular surgery should 
be sought, and often definitive treatment involves vascular stent graft placement. 
Diagnosis of UAF can be challenging. Retrograde pyelogram can, but does not 
always, demonstrate the fistula due to the unfavorable pressure gradient in the uri- 
nary tract relative to the arterial vasculature (Fig. 10.9). Provocative angiography is 
often required for the diagnosis [30]. 


Intraoprative Complications (Minor) 


Ureteral Wall Insults (Abrasions, False Passages, Perforations) 


Histologically, the ureter has an inner mucosal layer composed of urothelial cells 
backed by the lamina propria, which is further supported by multiple smooth mus- 
cle layers, which are outlined in adventitia rich with blood vessels and lymphatics 
(Fig. 10.10). Minor injuries to the ureteral wall run the spectrum of partial thickness 
involvement as noted in mucosal abrasions or false passages, to full-thickness 
involvement as seen in ureteral perforations. Any of these insults can result from 
placement of a guidewire, coaxial dilator, ureteroscope, or ureteral access sheath. 
Mucosal abrasions result from shearing forces against the luminal urothelial 
layer from either ureteroscope placement or extraction of calculi. Not surprisingly, 
the reported rate of mucosal abrasion dropped over time, with the introduction of 
progressively smaller-diameter ureteroscopes. Ureteral access sheath placement can 
potentially reduce the occurrence of abrasions in cases where repetitive extraction 
of many stone fragments is anticipated. However, just the mere placement of sheaths 
sized 12/14Fr, in patients devoid of underlying ureteral pathology, can result in 
abrasion in up to one third [31]. Practically, abrasions may impair visualization 
secondary to bleeding but otherwise are well managed with stent placement. 
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Fig. 10.9 Right retrograde 
pyelogram performed in a 
patient with suspected 
uretero-arterial fistula 
(UAF). Contrast is injected 
into the right ureter (yellow 
arrow) and is seen to 
opacify the internal iliac 
artery (red arrow). 
Diagnosis in this manner 
may not always be possible 
secondary to an 
unfavorable pressure 
gradient 


False passages are usually the product of attempted guidewire placement in the 
vicinity of obstructing ureteral pathology such as impacted ureteral stones, ureteral 
neoplasms, or strictures. In these types of cases, the guidewire can move from the 
true ureteral lumen into a submucosal position while encountering resistance. 
Relatively small false passage creation by a wire is usually of minimal consequence 
as long as it is recognized with subsequent removal of the wire and re-establishment 
of true luminal access, which may require direct ureteroscopic visualization. False 
passage creation is also not uncommon in relatively narrow distal, intramural ure- 
ters while performing semi-rigid ureteroscopy (Fig. 10.11). Depending on the size 
of the false passage and quality of visualization, either stent placement or redirec- 
tion of the ureteroscope into the true ureteral lumen should be performed. Cases of 
avascular necrosis of long segments of ureter have been described when false pas- 
sages go unrecognized and larger instruments, such as dilators or ureteroscopes, are 
passed into them and advanced unknowingly. This extension of the false passage, if 
long enough, serves to severely disrupt blood supply to the inner ureter and can lead 
to ureteral necrosis [32]. A high index of suspicion should exist in cases of active 
ureteral obstruction in which guidewire placement is not perfectly smooth or when 
the wire deviates from its anticipated course on intraoperative fluoroscopic imaging. 
When this occurs, a relatively small-diameter catheter (4-6 F) should be passed to 
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Fig. 10.10 Transverse 
microscopic cross section of 
the ureter. U marks the 
urothelial cell layer. LP 
denotes the lamina propria, 
which immediately supports 
the urothelium. MP shows the 
inner longitudinal and outer 
circular muscle layers, while 
AD marks the adventitia. 
Ureteral wall insults during 
ureteroscopy can involve 
some or all of these layers, 
resulting in variable degrees 
of injury and/or ischemia 


AD 


Fig. 10.11 False passage 
creation (blue arrow) is 
seen during semi-rigid 
ureteroscopy in the 
intramural ureter. 
Importance of a safety wire 
is noted, as it marks the 
true ureteral lumen (black 
arrow) and secures 
otherwise tenuous 
retrograde access 


the area of interest and a retrograde pyelogram performed under gentle pressure in 
order to determine if true access is established prior to the placement of any larger 
instruments. 

A case of an entrapped safety wire has been described in which a guidewire was 
noted to perforate the ureteral mucosa, enter the submucosal space, and re-enter the 
luminal space only to exit the ureteral orifice and urethra [33]. This can be thought 
of conceptually as a two-point false passage creation. This unusual case was reported 
when the guidewire was blindly being passed through the lumen of a pre-existing 
stent in a patient with a ureteral calculus. The entrapped wire was ultimately 
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removed with the aid of an 8 F coaxial dilator. No long-term sequelae were noted 
after temporary stent placement. 

Ureteral perforations are full-thickness injuries through the ureteral wall. In large 
contemporary cohorts of patients undergoing ureteroscopy, the reported incidence 
is between 0.65% and 1% [22, 34]. Not surprisingly, there has been a trend toward 
lower incidence of ureteral perforation with smaller-diameter ureteroscopes [35]. 
Violations of the ureteral wall tend to occur when attempting to advance a uretero- 
scope, dilator, or access sheath within a relatively narrow ureter. Selective super- 
stiff wire utilization may reduce perforations since buckling with advancement of 
the instrument is less likely. Another high-risk situation for encountering perfora- 
tions is during ureteroscopic laser lithotripsy when a stone is impacted in the ure- 
teral mucosa. Imperfect visualization can lead to perforation during laser lithotripsy 
especially when the luminal stone cannot clearly be seen. In situations such as these, 
ureteral stent placement may be needed in order to allow for passive ureteral dila- 
tion and a second-stage procedure for definitive stone treatment. Every reasonable 
attempt should be made to remove calculi within ureteral perforations whenever 
possible. Three-pronged graspers can be very useful in situations such as these. In 
the vast majority of cases, ureteral perforations can be managed with transient stent 
placement. Additional drains are rarely necessary but can be indicated if there is a 
large fluid collection, especially if infection is present. 


Early Postoperative Complications (Major) 
Urosepsis 


According to a report from the CROES group on 11,885 patients, the rate of fever 
and severe urosepsis after ureteroscopy is 1.72% and 0.30%, respectively [36]. In 
the same study, five patients (0.04%) were noted to have died in the 3-month post- 
operative period, one from urosepsis. In a review of 14 large, contemporary pub- 
lished ureteroscopic series documenting complications in 24,373 patients, Chugh 
et al. found that infectious complications involved 3.9% of patients [37]. Although 
not uniformly reported, there were 126 patients with urosepsis, representing 0.51% 
of those providing data. There were three Clavien V cases (death) reported, but it is 
not clear how many of these were a result of septic shock. Mortality directly result- 
ing from ureteroscopy is thankfully rare, but urosepsis is the single most likely etiol- 
ogy, especially if other common perioperative sources of mortality such as 
myocardial infarction, arrhythmia, and pulmonary embolus are excluded [38]. The 
course of action is clear in patients with upper urinary tract stones and symptomatic 
infection, especially with concomitant obstruction, as primary surgical stone man- 
agement should be delayed in favor of immediate drainage and administration of 
culture-specific antibiotics [39] (Fig. 10.12). The situation is not as clear in patients 
with asymptomatic colonization of the urine in need of elective surgical stone 


10 Complications of Ureteroscopy 265 


Fig. 10.12 Pyonephrosis (a) must be suspected in patients with signs of infection and obstruction, 
as seen in this purulent renal pelvis aspirate. High-pressure irrigation in this situation can displace 
organisms from the urine to the blood stream by way of pyelovenous backflow (b) and must be 
avoided in order to avert postoperative urosepsis. The outline of the renal parenchyma with con- 
trast can be seen due to high-pressure contrast irrigation during ureteroscopy (arrows) 


treatment. Due to the multifactorial nature of the problem and variable definitions 
of clinical infection, precise identification of preoperative factors responsible for 
post-ureteroscopic infections has not been uniform in the existing literature with 
high-level evidence. 

General agreement exists however that it is the combination of colonization of 
the urine and/or stone(s) with bacteria or fungus, along with high-pressure irriga- 
tion, often required for adequate visualization, which is responsible for urosepsis 
immediately following ureteroscopy [40]. Mitigation strategies have therefore 
focused on decreasing the amount of viable organisms present and making attempts 
to keep irrigation pressures low during ureteroscopy. 

Careful antibiotic use is essential because it allows for decreasing the quantity of 
organisms present but can also promote antimicrobial resistance and/or eventual 
selection of multi-drug-resistant organisms. In terms of preoperative preparation, 
current guidelines suggest at least a urinalysis be obtained [39] and that a urine 
culture follow if infection is suspected, followed by culture-specific treatment. The 
most current version of the American Urologic Association Best Practice Statement 
on antimicrobial prophylaxis states that a single preoperative dose of antimicrobial 
prophylaxis should be administered prior to ureteroscopic intervention for stone 
removal and that the specific agent should be selected in accordance with urine 
culture results with consideration to the local antibiogram [41]. In addition, these 
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guidelines state that only a single dose of prophylaxis is required even in the pres- 
ence of asymptomatic bacteriuria for invasive procedures such as ureteroscopy, 
although intraoperative re-dosing may be appropriate in order to maintain appropri- 
ate tissue concentrations. It is also recommended that no further doses of prophylac- 
tic agent be prescribed following the procedure in the absence of clinical infection, 
since this has been shown to promote antibiotic resistance without decreasing surgi- 
cal site infection. 

Despite the best practice policy and guidelines, it is the reliability of preoperative 
urine cultures in this setting which is concerning. In a prospective study of 462 
patients at a single center, Blackmur et al. found that a positive preoperative urine 
culture, even when treated for 7 days with culture-specific antibiotics in asymptom- 
atic patients, was the only significant variable on multivariate analysis to predict 
postoperative sepsis with an odds ratio of 4.88 compared to patients with a negative 
preoperative urine culture [42]. A total of 7.4% of patients in that study developed 
urosepsis with one mortality. There was imperfect correlation between organisms 
seen in preoperative urine culture and those identified as the pathogen responsible 
for urosepsis, with a higher proportion of gram-positive organisms found in the lat- 
ter. This is a reproducible observation. Eswara et al. found poor correlation (9%) 
between preoperative urine culture and readmission pathogen in a consecutive 
series of 328 patients, of which 274 (84%) had ureteroscopic laser lithotripsy and 54 
(16%) had PCNL for primary stone treatment [43]. In this series, 3% (11/328) of 
patients suffered from postoperative sepsis despite either having negative urine cul- 
tures or positive cultures treated with preoperative antibiotics. Stone culture per- 
formed during surgery for stone removal correctly identified the pathogen in 64% 
(7/11) of those who went on to develop postoperative sepsis. Interestingly, of those 
patients with positive preoperative urine cultures, most grew gram-negative organ- 
isms, while stone cultures grew predominantly gram-positive organisms or fungal 
elements, which were the organisms responsible for postoperative sepsis in 80%. 
Together these studies would suggest that not only are patients with positive preop- 
erative urine cultures at higher risk for urosepsis after ureteroscopy, but that multi- 
ple and often, untreated organisms are responsible. This justifies the routine use of 
stone cultures and strengthens the argument for the further study and development 
of rapid microbial polymerase chain reaction (PCR) tests to help optimize expedi- 
tious postoperative antibiotic choice. 

The presence and duration of preoperative ureteral stents have been shown to be 
a significant risk factor for urosepsis following ureteroscopy [44, 45]. Nevo et al. 
reported on 1256 consecutive patients undergoing ureteroscopy for stone removal, 
receiving either routine antibiotic prophylaxis or culture-specific treatment when 
cultures were positive (16%). Stents were previously placed in 601 (48%). A statis- 
tically significant rate of urosepsis was observed in 4.6% of those previously stented 
compared to only 1.2% of those not stented. Furthermore, the rate of urosepsis was 
over five times greater in those with stent duration greater than 30 days (6.2%) com- 
pared to those with stents less than 30 days (1.1%), again with statistical signifi- 
cance [44]. The recommendation was to attempt to keep stent duration as brief as 
possible. Moses et al. retrospectively examined 550 patients undergoing 
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ureteroscopy for stone removal and studied factors related to unplanned return to 
the hospital or admission for infection. The overall rate of infection was 3.4% and 
was statistically greater in those patients who were previously stented (84.2% vs. 
58.6%), in those with operative times greater than 120 minutes (89.5% vs. 32.6%), 
and interestingly in those in whom AUA best practice policy was followed for anti- 
biotic prophylaxis (78.9% vs. 47.6%). These three factors were significant on mul- 
tivariate analysis [45]. A very interesting observation was that ciprofloxacin was the 
prophylactic agent given (in accord with the best practice policy) to 84% of those 
returning with infection, while almost half of these patients suffered urosepsis with 
an organism, which was resistant to this agent, typically gram-positive bacteria. The 
recommendation was for previously stented patients to be given preoperative gram- 
positive coverage empirically. 

Despite the seemingly negative effects of ureteral stents in these studies, it is 
essential to remember the benefit they provide, namely, the circumvention of 
obstruction. Blackmur et al. observed this benefit in subgroup analysis of patients 
with positive preoperative cultures undergoing ureteroscopy for stone removal, in 
which the rate of postoperative urosepsis was almost four times as high in those 
patients not previously stented [42]. Therefore, there is a clear advantage in treating 
previously stented patients, but the advantage diminishes, in terms of post-proce- 
dure infection rates, with increased stent dwell time. A practical solution is to priori- 
tize patients with indwelling stents in terms of operating room scheduling. 

Ureteral access sheaths have been shown to reduce intrarenal pressures by 
57-75% during flexible ureteroscopy [46]. The literature is mixed in terms of 
infection-related outcomes following ureteroscopy with ureteral access sheath 
usage. A report from the CROES database on ureteroscopy observed fewer cases of 
postoperative fever, UTI, and sepsis in those patients in whom a ureteral access 
sheath was placed (28.6%, 18.6%, 4.3%) compared to those undergoing ureteros- 
copy without a sheath (39.1%, 23.9%, 15.2%), respectfully [47]. Other groups how- 
ever have seen no statistically significant advantage with sheath use in terms of 
reducing post-ureteroscopic infections [42], including those treating patients with 
cumulative stone burden greater than 2 cm [48]. Zhong et al. examined multiple 
factors responsible for systemic inflammatory response syndrome (SIRS) in a series 
of 260 patients undergoing ureteroscopic laser lithotripsy in which all patients were 
treated with a ureteral access sheath [49]. The rate of SIRS was 8.1%. Both increased 
stone size and increased irrigation flow rate were noted to correlate with the devel- 
opment of SIRS in both univariate and multivariate analyses. Other significant con- 
tributing factors on multivariate analysis were the use of smaller caliber sheaths and 
the presence of struvite stone composition. 

Therefore, not surprisingly, the development of urosepsis following ureteroscopy 
is a multifactorial process. Special attention should be paid to situations, which may 
lead to the pyelovenous or pyelolymphatic backflow of organisms from the upper 
urinary tract. Strategies to circumvent this situation include decreasing the quantity 
of organisms present during surgical interventions to whatever extent possible and 
then minimizing intrarenal pressures. Preoperative antibiotics clearly help achieve 
the former goal but might not treat all organisms present, especially in cases of large 
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stone burden or prolonged operative times. Therefore, extending antimicrobial cov- 
erage and performing staged procedures in high-risk patients should be considered. 
Although necessary for adequate visualization during ureteroscopy, irrigation flow 
needs to be tempered in high-risk situations, as well. Although not yet formally 
studied, frequent low-pressure rinsing with small quantities of irrigant, intermit- 
tently during ureteroscopic laser lithotripsy, may be a strategy to help keep concen- 
trations of organisms low, minimize pyelovenous backflow, and further diminish the 
rate of urosepsis following ureteroscopy. 


Steinstrasse 


The resultant accumulation of pulverized stone fragments in the ureteral lumen fol- 
lowing extracorporeal shock wave lithotripsy (ESWL) can have a visual appearance 
similar to a column of sand or “street of stone” and is known as steinstrasse. This 
well-known complication of ESWL is directly related to increasing stone size, as 
well as location, presence of a dilated collecting system, and shock wave energy 
[50]. It has also been observed that stone composition plays a role, since stones of 
greater densities tend to break up into relatively larger resultant fragments, less 
likely to spontaneously pass [51, 52]. With the increasing application of retrograde 
ureteroscopic laser lithotripsy for larger-sized calculi, it is not surprising that stein- 
strasse can be encountered. Although not uniformly reported, the rate of steinstrasse 
in published ureteroscopic series of treated stones measuring at least 2 cm in one 
dimension lies between 1.6% and 17.4% [53-55]. Approximately half of these 
patients required additional procedures to clear the stone burden, usually with a 
second-stage ureteroscopy. Although not formally studied, the authors have anec- 
dotally encountered steinstrasse following ureteroscopic laser lithotripsy of large- 
volume renal stones with relatively dense composition such as calcium oxalate 
monohydrate (Fig. 10.13). 


Early Postoperative Complications (Minor) 


Postoperative Pain 


Patients undergoing ureteroscopy are seen unexpectedly in the emergency depart- 
ment (ED) in 6.6-15.6% of cases, while 2.2-5.8% get re-admitted within 30 days of 
the original procedure [45, 56-58]. In the majority of reports examining unplanned 
ED visits after ureteroscopy, postoperative pain is reliably the most common reason 
for patient presentation. Other common reasons include fever, urinary retention, and 
hematuria. Postoperative stent placement has not been shown to be an independent 
risk factor for return to the ED after ureteroscopy [50, 57]. Patient perception, 
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Fig. 10.13 Large-volume left renal stone treated with ureteroscopic laser lithotripsy (a) using 
holmium laser. Resultant massive steinstrasse encountered requiring percutaneous drainage (b). 
Black star marks the L3 vertebral level in both films 


education, and experience with previous ureteroscopic surgery likely factor into the 
decision to seek ED services postoperatively, as “ureteroscopic-naive” patients have 
not had the opportunity to acclimate to stent discomfort and other common symp- 
toms following ureteroscopy [58]. This highlights the need for preoperative patient 
education in order to set realistic expectations and access to urology staff to address 
postoperative concerns. 


Late Postoperative Complications (Major) 


Ureteral Stricture Formation 


The reported development of ureteral stricture following ureteroscopy in multiple, 
large contemporary series of patients primarily treated for upper urinary tract cal- 
culi is reliably under 1% [8]. Not surprisingly, the rate of stricture formation is 
higher in patients undergoing ureteroscopy for treatment of upper tract urothelial 
carcinoma at 8.5—16.7% [59]. This can result from direct ablative treatment of ure- 
teral surface tumors, which can be multifocal, and the need for repetitive uretero- 
scopic surveillance in these patients in whom local tumor recurrence can be as high 
as 77% with long-term follow-up [60]. Although the rate of stricture formation 
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differs depending on the indication for ureteroscopy as highlighted above, the threat 
of irreversible renal cortical loss is the manifestation that needs to be avoided when- 
ever possible. 

Traditionally regarded risk factors for ureteral stricture development following 
ureteroscopy usually have relative ureteral ischemia as a common component 
(Fig. 10.14). Certain elements of the patient's history are important to consider such 
as external beam radiation therapy for pelvic malignancies or prior pelvic surgery, 
both of which can predispose to variable amounts of ureteral ischemia. Impacted 
ureteral calculi, those that are believed to have been present for extended periods of 
time, and ureteral perforation at the time of ureteroscopic treatment are considered 
high-risk features for ureteral stricture formation in up to 24% of cases, although 
this estimate is likely inflated due to selection bias and a relatively small number of 
patients [61]. Fam et al. studied ureteral stone impaction prospectively in 77 patients 
as defined by at least one of the following: difficult wire passage beyond the ureteral 
stone at the first attempt, moderate or severe hydronephrosis on preoperative CT 
urogram, or ureteral stone presence at the same location for at least 2 months [62]. 
Five patients (7.8%) were found to develop strictures within 6 months of uretero- 
scopic stone treatment. The study analyzed many intraoperative and stone-related 
risk factors including ureteral perforation, damage to ureteral mucosa, residual 
stone remaining, stone size, stone location, and duration of impaction. No predictive 
variables for the development of ureteral stricture were identified. Despite its 
strength as a prospective study, the authors admit that it was underpowered to detect 
statistically significant differences among the study groups. Importantly, an addi- 
tional observation from this study was that all five patients who developed obstruct- 
ing strictures were asymptomatic. This is in accord with Weizer et al., who found 


Fig. 10.14 Retrograde pyelogram (a) shows short right distal ureteral stricture. (b) Ureteroscopic 
view shows ischemic appearing mucosa with concentric narrowing 
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silent obstruction present in 23.3% of patients with post-ureteroscopic obstruction 
following stone treatment [63]. Contemporary imaging guidelines recommend rou- 
tine renal ultrasound after ureteroscopy for laser lithotripsy to rule out silent obstruc- 
tion whether due to residual stone fragments or stricture formation [64]. 


Conclusion 


In the majority of cases involving ureteroscopy, complications are generally rare 
and mostly minor. Unfortunately, major complications still occur in contemporary 
practice, even when using the most refined endoscopic instruments available. This 
fact highlights the need for sound surgical judgment, adherence to fundamental 
practice principles, good patient selection, and a healthy respect for the sophistica- 
tion of the upper urinary tract. 
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